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THE TESTIS 


1. The Normal Testis 


RONALD C. SNIFFEN, M.D. 
WORCESTER, MASS 


D RING the past eight years testicular biopsy specimens from over 
300 men and boys have been examined in the department of 


pathology of the Massachusetts General Hospital. 


[he procedure as outlined by Hotchkiss * and Charny ® is relatively simple and 
can be performed with safety; from the point of view of histology it is preferred to 
the aspiration of the testicle originally proposed by Hiihner.* 

The majority of the patients in this study have had only one biopsy. However, 
in order that various therapeutic measures might be assessed, a considerable number 
of men have submitted to the procedure more than once and some as many as five 
times. 

During the study of the abnormal testes it became obvious that a more exact 
knowledge of the normal gland and its variations was necessary to establish a base 
line with which the abnormal testis might be compared. Observations on the 
embryologic aspects of the testis, the tubules and spermatogenesis, and the interstitial 
tissue, as well as general considerations of the subject, have been recorded by many 

lo review these observations from a practical standpoint, we selected 
testicular tissue at all periods of evolution, maintenance and involution of the gland, 
beginning at approximately the fifth week of intrauterine life 

The material so studied included fetuses obtained at different periods of intra- 
uterine life, as well as testes representing daily growth for a period of a week, weekly 
growth for two months, monthly growth for a year, and finally yearly changes up 
to the tenth decade of life 

Although the preservation of certain glands obtained at postmortem examina 
tions seemed adequate, this material was avoided as much as possible and reliance 
placed on histologic observations of tissue removed during a herniorrhaphy or taken 
en passant during operations in the region. As a routine, the tissue was fixed in 
Zenker’s or Helly’s fluid, embedded in paraffin, sectioned and stained with phloxine 
methylene blue or with hematoxylin and eosin, and usually with phosphotungsti 
acid-hematoxylin according to Mallory’s technic. Other methods of fixation and 
staining were employed in appropriate instances to elucidate specific points. Formal- 

de fixation was used only when frozen sections and fat stains were desirable, 
reason that the shrinkage produced in the Sertoli cytoplasm by the alcoholic 
reatment rendered the contents of the tubules all but unrecognizable 
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The following remarks on the\normal testis will be confined, for the most part, 
to the points finding application in the assessment of the abnormal gland. The 
abnormal glands will be considered\ in subsequent reports. 

With a few exceptions the biopaies were performed by Dr. Fred Simmons in 
the interests of his own practice and in conjunction with the departments of 
endocrinology and pediatrics of the Massachusetts General Hospital 

Dr. Sidney Farber supplied many, sections of testes representing the years of 
early childhood. Dr. Alan Moritz supylied material acquired in cases of sudden 
death 


THE FETAL TESTIS 


In man the genital system appears during the fifth and sixth weeks 
of intrauterine life. A rapid thickening and proliferation of the meso- 
thelium occurs on the ventromedial aspect of the urogenital ridge, which 
contains both nephric and genital primordia. This thickening, the genital 
ridge, runs parallel and medial to the mesonephric ridge from the fourth 
cervical to the fourth lumbar segment and bulges into the celom. 
Longitudinal furrows separate the gonad from the mesonephros laterally 
and from the gut mesentery medially. The growth of the gonad and the 
exaggeration of these furrows result in the formation of the gonadal 
mesentery. 


The fifth, sixth and seventh weeks of intrauterine life are particularly 


important ones in the life of the gonad. At first the structure consists 
of a superficial multilayered peritoneal mesothelium overlying a loose 
internal mesenchymal mass (fig. 14). It is probable that the cells of 
the superficial mesothelium, by rapid division, give rise to processes that 
dip into the underlying mesenchyme to form the sex cords.* Variations 
on this theme have been advanced.* The cords become sharply delineated 
from the surrounding mesenchyme through cell orientation and reticulum 
fibril envelopment, though they still retain their connection with the 
surface “epithelium.” They continue to grow and form serpiginous 
columns in the mesenchyme, and with the formation of the tunica albu 
ginea they are separated from the superficial mesothelium. In the 
interstitial mesenchyme, at this time, the large cells which form such a 

4, Patten, B. M.: Human Embryology, The Blakiston Company, 1946. 
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Fig. 1 1, hemicross section of a 9 mm. fetus (about 5 weeks) to show the 
urogenital ridge with the mesonephros laterally and the genital ridge mesially. 
Eosin and methylene blue stain; « 220. 


B, testis of a 38 mm. fetus (about 8% weeks). The early tunica albuginea has 
formed, and the sex cords and large interstitial ce!ls are distinguishable. Eosin and 
methylene blue stain; « 120 
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conspicuous part of the anatomy of the fetal testis are beginning to 
emerge. By these structural features recognition of sex is possible at 
about the seventh week * (fig. 1 B) 

In the sex columns during the eighth week well defined cells are 
readily discernible, lying in sharp contrast to the undifferentiated 
epithelium. These cells cannot be distinguished from spermatogonia. 
The origin of the primary germ cell is not clear, and a discussion of the 
subject is beyond the scope of this study. An excellent review of 
the weismannian principle of germ cell continuity was published by 
Everett ’ in 1945. As this author pointed out, the fundamental question 
to be answered is whether or not there is early segregation of the germ 
ells from the soma. If this is so, are these segregated cells the pro- 
genitors of functional reproductive cells, or do they degenerate and thus 
merely represent, as some authors believe," a phylogenetic recapitulation 
f the condition in lower forms? Decisions are complicated by the fact 
that investigators studying the same forms have come to different 
conclusions 

\t approximately nine weeks the testis has developed to a point 
where it no longer seems to change qualitatively but only quantitatively 
On the surface is the cuboidal epithelium of the peritoneum overlying the 
tunica albuginea, while the body of the gland is composed of tortuous 
testicular cords embedded in the interstitial tissue. These lumenless 
cords consist primarily of a mass of finely granular cytoplasm in which 
no cell boundaries are discernible. In this cytoplasm, and tending to lie 
peripherally in the cord, are several layers of oval nuclei oriented with 

long axis perpendicular to the cord. These nuclei are small and 

a dense chromatin punctuated by masses of precipitated nucleo 
no plasmosomes are discernible. Here and there huge primary 


"1 


ls are embedded in the cytoplasmic mass, often at the periphery 


ord They are conspicuous because of their size and the clarity 
their boundaries The nuclei are large, round and centrally placed 


[he nucleoprotein is precipitated in coarse clumps and occasional 


plasmosomes can be found. The cytoplasm is relatively clear except for 


i few fine granules at the periphery, while coarse granules concentrate 
iround the nuclear area \ few mitotic figures are present. 
It is possible that germ cells emerge from the syncytium and nuclei 
exist within the cord, and although it is difficult to prove by 
gic means, the various cell forms within the sex cords seem to lend 


the hypothesis.” The small nuclei lying in the cytoplasm 


Biol. Rev. 20:45, 1945 
Am. J. Anat. 41:248, 1928 
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differ in size, and some of the largest are round, with less dense chro- 
matin (cells a and 4 in fig. 24). About these large nuclei and enclosing 
abundant cytoplasm of the same morphologic appearance as the syn- 
cytium, a sharp cell membrane forms (6 in fig. 2.4). These cells then 
enlarge, while the cytoplasm partially clears. The nuclei keep pace with 
the hypertrophy, the chromatin is further dispersed and plasmosomes 
appear (c in fig. 24). The cells now resemble spermatogonia (d in 
fig. 24). The mitochondria of the cord cytoplasm are said to be rod 
shaped, while those of the germ cells are both rod shaped and spherical.” 

Che cells of the interstitium are of two major types, the mesenchymal! 
and the large interstitial type. The mesenchymal cells are the less 
conspicuous. Their nuclei vary in shape and chromatin content and are 
often wrinkled, with folds extending deep into the substance of the 
nucleus. The irregular cytoplasm sends out fine fibrils to form a loose, 
confused network. A moderate number of mitoses are present. The 
large interstitial cells occupy the major portion of the space between the 
tubules, though they are not closely packed. Unless one is being misled 
by histologic appearances, it seems an easy matter to trace the origin 
of the large interstitial cells from the mesenchymal cells which support 
them. The crude morphologic changes in the metamorphosis of the 
mesenchymal cell seem to be an accumulation of cytoplasm, a loss of 
fibrils with ever-increasing distinctness of cell boundary and an enlarge 
ment of the nucleus with dispersion of the chromatin granules. There 
fore, in the early periods of transition the cells are fusiform, while in the 
later stages they become polygonal (fig. 2 B and C). 

The “mature” interstitial cells are large and vary in shape a great 
deal, so that measurements are a little futile; the diameters average 


approximately 14 microns. The cytoplasmic membrane is distinct. The 


nucleus is round, with an approximate diameter of 7 microns; it is 
centraily or eccentrically placed. The nucleoprotein is precipitated in 
coarse clumps; plasmosomes are inconstant. Occasional small cells are 
found that have the standard nucleus but only a narrow rim of cytoplasm. 
Often as many as three or four cells form a line or a group which appears 
to be a syncytium ; however, the majority seem to be distinct individuals, 
and a few are binucleate. 

The cytoplasm of the cells varies considerably in detail, and changes 
that are popularly presumed to be evidence of secretory activity take 
place. In certain cells, which are apt to be smaller than the average and 
somewhat elongated, the eosinophilic cytoplasm is uniformly filled with 
fine granules. In larger, more globular cells the cytoplasm often contains 
in addition a few coarse granules. These granules stain with methylene 
blue and sometimes lie within a vacuole (fig. 2C). Other cells acquire 
numerous fine cytoplasmic droplets, while a few show peripheral aggre- 











Fig. 2.—4, tubule in the testis of a 25 cm. (crown-rump) fetus (about 20 


weeks ) he letters a and a’ indicate small nuclei of the sex cord syncytium; 6b, 


the cytoplasmic membrane acquired in the formation of a germ cell; c, a cell show- 
ing hypertrophy of the nucleus and clearing of the cytoplasm; d, a spermatogonium 
Masson's trichrome stain; x 900 

B, early stage in the transition from mesenchymal ceil to large interstitial cell 
Mallory’s phosphotungstic acid—hematoxylin stain; « 2,20 

C, interstitial cells containing a few coarse cytoplasmic granules, some of which 
lie within a globule. Masson's trichrome stain; x 900 


interstitial cell showing a few coarse cytoplasmic granules and an aggregate 
ules ; the granular partitions between the globules are not in focus 


Masson's 
stain; « 2,200 


ulum fibrils enclosing individual cells or small groups of large interstitial 
modification of Brelschowsky's method ~ 100 
04 
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gates of large globules separated by fine lines of minute granules (fig. 
2D). Scarlet red imparts an orange tint to the cytoplasm of the 
interstitial cells, and fine red droplets are present which are not doubly 
refractile. Winiwater ** found that fat appears in the interstitial cells 
after the eighth week of intrauterine life and continues to increase until 
the time of birth. No pigment or crystalloids are found as in the Leydig 
cells of the adult gland.“ 

As one proceeds in the study of the fetal testis of greater age, an 
improvement in structural clarity is noticed. The gland is divided 
gradually into compartments by septums which course from the tunica 
albuginea and converge toward the hilus. The cords grow in length but 
not appreciably in diameter. The interstitium loosens, and the large 
fetal interstitial cells stand off, one from another. The number of these 
cells varies so much from gland to gland that it is impossible to determine 
from this material whether there is an increase or a decrease in any 
period of fetal life; however, they are always plentiful. Some authors 
feel that there is a numerical change in the interstitial cells at different 
periods of fetal life." 

Reticulum fibrils are present in the testis from the beginning and 
form the early tunica albuginea."* They bear a constant relation to the 
sex cords and large interstitial cells. At first a few fibrils enclose the 
cords and are associated with elongated nuclei which are flattened against 
the cord cells. Gradually these fibrils increase in number, and in the 
18 week fetus they have condensed to form a fine fibrillar basement 
membrane. The genesis of the homogeneous component of the basement 
membrane has not been worked out. The relation of the reticulum to 
the interstitial cells is interesting, for each cell or small group of cells 
is carefully enclosed in a fibrillar mesh (fig. 2 £). 

Collagen does not seem to appear much before the eighteenth week, 
at which time a narrow zone of fibrils is present in the outer layers of 
the tunica albuginea; none is present in the substance of the testis except 
in relation to blood vessels. At the twentieth week collagen fibrils 
course throughout the albuginea and are scattered between the inter- 
stitial cells in small numbers; also they are beginning to appear around 


the cords of the testis to complete the formation of the tunica propria. 
From this point collagen continues to increase within the gland, but is 
never more than a delicate network in the interstitial tissue. 


10. Winiwater, H.: Anat. Anz. 41:309, 1912. 

11. Spangaro, S.: Anat. Hefte 18:593, 1902. 

12. (a) Engle, E. T., in Cowdry, E. V.: Problems of Aging Biological 
and Medical Aspects, ed. 2, Baltimore, Williams & Wilkins Company, 1942. (b) 
Maximow and Bloom." 

13. Sussmann, F.: Ztschr. f. mikr.-anat. Forsch. 48:450, 1940. 
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We have not been able to demonstrate elastic fibrils in the substance 


of the prepuberal testis, except those incorporated in blood vessels. 


THE PREPUBERAL AND THE PUBERAL TESTIS 
The Tubules.—Tubular ripening is slow and appears to advance step 
by step over the years without spectacular changes until the time of 


puberty Although there is a steady progression toward maturity, in 


this material an appreciable variation exists in the stage of apparent 


tubular maturation in glands of the same age. However, it is obvious 
that the testis is not static in the years before puberty, and after the 
fifth year cellular metamorphosis and mitotic activity are easily appre 


Subcapsular zone of the testicle of a 6 month old infant. The mass of 

ds is made up of indifferent cells and comparatively few germ cells 

le” contains a colloid substance The large interstitial cells of the fetus 
disappeared. Phloxine and methylene blue stain; x 150 


ciable. The time of onset and the time of completion of puberty in any 
person are unpredictable 

Little histologic change takes place in the cords of the testis during 

five or six years of life. They appear to grow in length but 

diameter. The germ cells lie at various positions along the radius 

cord, but the majority rest against the basement membrane. Some 

ire much larger than others, and the cytoplasm is either wholly granular 

or relatively clear peripherally Some germ cells lying centrally are 

unde rgoing dege neration Che center of the cord is occupied by degen- 


w cells, granular debris, the granular cytoplasm of the syvnevtium or 
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occasionally a substance resembling colloid (fig. 3). Blumensaat ** 
expressed the belief that the latter represents disintegrated spermato- 
gonia. The dense oval nuclei of the syncytium lie to a depth of three 
or four irregular layers from the cord center. Within a few weeks after 
birth wavy “fibrils” become visible in the cytoplasm of the syncytium. 
Che basement membrane begins to stain with aniline blue at the second 
month \t approximately the fifth year a few tubules have opened, 
and in some of these tubules germ cells are degenerating in the lumen. 
Che nuclei of the syncytium now form two layers, the outer being closely 
applied to the basement membrane, while the inner layer is irregular. 
During the next few years the tubules gradually increase in diameter 
through an increase in the syncytial cytoplasm, in which the nuclei 


Fig. 4.—Testis of a 13 year old child showing early spermatocytic activity. 
Phioxine and methylene blue stain; x 400. 


enlarge and the densely packed chromatin granules are dispersed. In 
general, with an increase in age a higher proportion of the cords acquire 
a small lumen, though this phenomenon is variable and may be exagger- 
ated by contraction of the cytoplasm during preparation of the tissue. 
Germ cells become more numerous, with large binucleated and even 
multinucleated forms being seen, and many more of them appear in the 
lumen. At the age of 7 years the tubules are widely spaced in the 
abundant intralobular connective tissue, but at 10 years their growth 
compresses the interstitium. In general, testes from 11 year old children 
show a decided increase in the number of spermatogonia lying along the 


14. Blumensaat, C.: Virchows Arch. f. path. Anat. 273:51, 1929 
15. Gruenwald, P.: Arch. Path. 42:35, 1946 
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basement membrane coincident with a rise in mitotic activity. The layers 


of enlarging, “indifferent” nuclei have now increased to three or four 
We believe that the genesis of pronounced spermatocytic activity ante- 
dates the appearance of definite Leydig cells, though the latter have 
formed in large numbers when spermiogenesis is in progress. From 
the twelfth to the sixteenth year spermatogenesis is gradually established 
(fig. 4). At first there is merely spermatogonial development and 
mitotic activity, but many of these cells die, and necrosis is visualized 
in intense eosinophilia of the cytoplasm, nuclear “hyperchromatism” and 
pyknosis with final disintegration of the cell. Subsequently, secondary 
spermatocytes are formed in various segments of the tubule’s circum- 


Fig. 5.—Neonatal te.tis. The sex cords are embedded in a mass of large inter- 
stitial cells. Phioxine and methylene blue stain: « 200 


ference and length. Spermatids appear, and finally spermiogenesis 
begins. The phenomenon seems to be accomplished in successive waves 
of activity which in the beginning fail the mark, but in time the goal is 
reached with the formation of mature sperm. Several years pass before 
the tubules attain their maximum adult diameter and activity 

During the puberal period the “indifferent cells,” so destined, 
gradually develop into recognizable, mature Sertoli cells. The nuclei 
enlarge, the coarse chromatin granules are dispersed, and prominent 
plasmosomes form. The cytoplasmic mass increases and is shot through 
with wavy “fibrils.” Crystalloids (Charcot-Bottcher type) and fat 


vacuoles appear coincident with spermiogenesis."* There is folding of 


16. Gatenby, |]. B.. and Beams, H. W Quart. J. Micr. Sc. 78:1, 1935 
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the Sertoli cell nuclear membrane as the spermatocytes increase and push 
through the Sertoli cytoplasm. These changes are important to bear in 
mind when one attempts to assess the maturity of a tubule or the efficacy 
of endocrine therapy on immature tubules. 


At birth the interstitial tissue retains the character of the fetal testis 
with many large interstitial cells interspersed between the tubules (fig 
5). Fibroblasts, the reticulum network and a few collagen fibrils are 


Fig. 6 {, postnatal degeneration of the large fetal interstitial cells. A degen- 
erating cell is shown at the upper right. The nucleus has disappeared, leaving a 
swollen, coarsely granular mass of cytoplasm. An intact cell is present at the lower 
left of the photomicrograph. Mallory’s phosphotungstic acid—hematoxylin stain; 
x 2,000. 

B, interstitial tissue of a child 17 days old. Only a few large interstitial cells 
remain. Mallory’s phosphotungstic acid—hematoxylin stain; «x 1,200 

C, interstitial tissue of a 6 year old child, showing one of the rare cells with an 
easily appreciable accumulation of cytoplasm. The cell is outlined by reticulum 
fibrils. Foot’s modification of Bielschowsky’s method; «x 900 


present. Within a few days, however, widespread degenerative and 


involutional changes appear to take place in the large interstitial cells; 
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there is controversy over this point, as some authors have believed the 
degenerative changes to be purely artefact." However, one sees cyto- 
plasmic swelling, coarse granulation, diffuse fine vacuolation and an 
increase in staining intensity. The nuclei become pyknotic or undergo 
lysis, and there are left only anuclear, granular cytoplasmic smudges 


; 


fig. 64). Asa sign of involution, many cells can be found which have 
a small amount of cytoplasm, crowded with golden brown granules. 
These phenomena are easily discerned in the first few weeks after birth, 


but they become more difficult to appreciate as the affected cells are 
| 


reducec 


n number (fig. 6B). The process appears to be almost com 
plete within the first few months, but the rapidity of the change varies 
1 great deal from gland to gland. With the disappearance of the large 
nterstitial cells, the intralobular connective tissue condenses and the 
tubules fall together. The adrenal glands of the infants were studied 
in conjunction with the testes. The changes that take place in the fetal 
nterstitial cells of the testis after birth appear to be comparable to and 
coincident with the changes in the cortex of the fetal adrenal gland 
From approximately the second year until puberty no large inter 
stitial cells similar to those of the fetal testis can be identified with 
certainty, though an occasional pigmented mononuclear cell or plump 
fusiform cell is enmeshed in the interstitial fibrils (fig. 6C). From the 
first to the tenth year the reticulum and collagen fibrils are loosely 
arranged, but at the end of this period the interstitium is compact, being 
compressed between the enlarging tubules. The genesis of the Leydig 
cells becomes obvious at about the fourteenth year and therefore appre- 
ciably later than the establishment of spermatocytogenesis. The stroma 
loosens and certain cells in the interstitium acquire more cytoplasm and 
ose their fibrils. During the fifteenth and sixteenth years, when 
spermatogenesis is respectably active, many small and large groups of 
Leydig cells lie between the widely separated tubules in the loose stroma 
of the lobules. These cells are of medium size, and in the “immature” 
state the cytoplasm is filled with many fine eosinophilic granules. The 
reticular network of the interstitium carefully encloses single or small 
groups of Leydig cells at all ages. The various characters of the 


immature” and “mature” Leydig cell will be discussed in the next 


THE MATURI TESTIS 


For several years after puberty the tubules are occupied in increasing 
their gametogenic activity and diameter until they have matured fully 
In the normal testis at maturity sperm can be found in the majority of 
the tubules at the level of section, but as spermatogenesis apparently 


proceeds in waves of activity along the tubule, various cell types will 
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predominate in different segments of the luminal circumference (fig. 7). 


Thus, one may find many sperm heads embedded in the Sertoli cyto- 
plasm in one segment and spermatids or spermatocytes at other points 


Fig. 7.—Cross sections of tubules of a normal adult testis: A, maximal activity; 
B, minimal activity. Note in A that different cell types are present along the cir- 
cumference of the lumen. Mallory’s phosphotungstic acid—hematoxylin stain; 200. 

i is reprinted from the Journal of Clinical Endocrinology (Howard, R. P.; 
Sniffen, R. ( Simmons, F. A., and Albright, F Testicular Deficiency A 
Clinical and Pathologic Study, J. Clin. Endocrinol. 10:121, 1950) 


i Rh Ws Sa Ab 
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in the circumference. The gametogenic cells push through the Sertoli 
cytoplasm which envelops them as they advance toward the lumen 
apparently by the force exerted by multiple cell divisions. The lumen 
harbors an inconstant cell population made up of a few sperm and 
desquamated spermatids and spermatocytes. The last two cell types are 
either well preserved or undergoing disintegration. Normally, groups of 
sperm are found embedded in the tip of the Sertoli cytoplasm and 
only a few lie free in the lumen. The details and variations of spermato- 
genesis in man and animals may be found in the works of Lubarsch,"* 
Regaud,"* Winiwater,"* Branca *® and Metz.” 

The Sertoli cells of the testis do not have discernible boundaries, and 
their individuality is a matter of debate.** However, in the absence of 
spermatogenesis from whatever cause a cytoplasmic membrane seems 
to be present at the foot of the cell, near the basement membrane. The 
vesicular nucleus of the mature cell is quite distinctive because of its deep 
wrinkling and prominent plasmosome; sometimes the latter is seen to 


be made up of an acidophilic granule and several basophilic granules.* 


rhe cytoplasm contains many granules; a spindle-shaped crystalloid and 
fine “fibrils” run the length of the cell. Granular mitochondria are 
scattered throughout and sometimes appear in short chains. Intracyto- 
plasmic lipoid globules are always present, and their number increases 
during failure of spermatogenesis. Near the basement membrane there 
is a tendency for the globules to be large, while toward the lumen they 
are fine. In some of our preparations the larger droplets in the cytoplasm 
seem to be surrounded by a fatty envelop and the dye (sudan B) does 
not penetrate to the interior. Hanes and Rosenbloom ** have studied 
the Sertoli lipoid material in the pig and noticed that the coarse globules 
near the basement membrane reduce osmium tetroxide, while the finely 
divided d oplets no longer reduce the tetroxide. A number of small 
droplets are present in spermatids 


17. Lubarsch, O.: Virchows Arch. f. path. Anat. 145:316, 1896 

18 Regaud, C.: Arch. d’anat. micr. 4:101, 1901 

19. von Winiwater, H Arch. biol. Paris 27:91, 1912 

20. Branca, A.: Paris méd. 67:173, 1928 

21. Metz, C. W.: The Male Germ Cell, in Cowdry, E. V.: Special Cytology ; 
The Form and Functions of the Cell in Health and Disease, ed. 2, New York, 
Paul B. Hoeber, Inc., 1932 

22. (a) Sertoli, E Morgagni 7:31, 1865. (6) Watase, S.: The American 
Naturalist 26:442, 1892. (c) Romeis, B., in Bethe, A.; von Bergmann, G.; Emb- 
den, G., and Ellinger, A Handbuch der normalen und pathologischen Physiologie, 
Berlin, Julius Springer, 1926, vol. 14, p. 693. (d) Maximow and Bloom."* (¢) 
Montgomery.** (f) Stieve.*® (9) Engle*™* (h) Regaud.'* 

23. Hanes, F. M |. Exper. Med. 13:338, 1911. Hanes, F. M., and Rosenbloom 
Ibid. 23:355, 1911 
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The basement membrane of the tubule is a fine structure composed 
of delicate fibrils that stain with acidic dyes and aniline blue and on which 
silver is precipitated. The fibrils lie in a refractile, homogeneous material 
that gives the Schiff reaction. 

The tunica propria surrounds the basement membrane and encloses 
the tubules and is composed of several lamellas of fibroblasts and collagen 
fibers, between which a few elastic and reticulum fibrils lie. Many of 
the reticulum fibrils appear to be continuous with those of the basement 
membrane. In many conditions involving the testis the inner layers of 
the tunica are thickened, but it does not appear to be influenced solely 
by changes in spermatogenic activity. On the other hand, when the 
tunica is unequivocally thickened the Sertoli cells are always atrophic ; 
whether the primary change is in the Sertoli cells or in the tunica is 
not known. In certain conditions, at least, we have noticed that the 


Fig. 8.—Reticulum fibrils forming a network about Leydig cells. Foot's modi- 
fication of Bielschowsky’s method; x 530. 


tunica is a relatively labile structure in which an abnornal thickness can 
be reduced by administration of appropriate pituitary preparations.** 

The interstitial spaces of the testis in fixed preparations are variable 
because of the wide differences in the proximity of the tubules. The 
interstitial tissue is made up of a few histiocytes and fibroblasts with 


their fibrils, which form a loose network, and an occasional collagen 
fiber. Mast cells are not infrequent. Argentaffin fibrils form a lattice 
to support the Leydig cells (fig. 8) 


The Leydig cells of the testis lie in the interstitial tissue in small 
and sometimes quite large groups. Their position is variable, but 
usually they are found in the angles between the tubules, with or without 
a capillary in the plane of section; sometimes they develop between 
adjacent tubules or are applied to the wall of a tubule. Since Leydig’s ** 


24. Bartter, F. C.; Sniffen, R. C., and Simmons, F. A Unpublished data 


25. Rasmussen, A. T.: Interstitial Cells of the Testis, in Cowdry, E. V.: 
Special Cytology, ed. 2, New York, Paul B. Hoeber, Inc., 1932, vol. 3 
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discovery of these cells (1850) amd the important work of Bouin and 
Ancel many observations have been made on their nature 

It is profitless to discuss the volume of the Leydig cell mass and the 
possibility that it changes in certain age periods. Measurements of 
volume have been made, but the accuracy of the determinations is ques 
tionable, to say the least, and the value of such observations in terms of 
function doubtful.** In this study the variation observed in the number 
of Leydig cells in the presence of normal spermatogenesis was so 
tremendous that it was impossible to detect an increase or a decrease 
in total mass that was even remotely constant for a given age period 
This has been the experience of other writers on the subject 

In the normal testis there are striking differences between individual 
Leydig lls after staining by routine methods; hence the sequence in 
which the visible cytoplasmic characters appear and change or disappear 
is not clear. In a small group of cells one may be able to single out 
several distinct individuals that seem to portray a phase in the life of the 
cell. The following account is an attempt to plot these various cells in 
their proper relation to one another, and in order to do this it is neces 
sary to bear in mind the pertinent observations that have been made in 
animals, particularly those of Whitehead,®® Rasmussen *' and Hooker.' 

It is generally agreed that Leydig cells develop from elements in the 
interstitium which cannot, at the present time, be distinguished from 


connective tissue cells, and it is known that certain functions of the 


hypophysis are necessary to the initiation and maintenance of the meta 


P.. and Ancel, P Arch. zool. expér. et gwén. (series 4) 1:437. 1903 
et de path. gén. 6:1012, 1904 
n Bardeleben, K Arch. f. Anat. u. Physiol., Anat. Abt., 1897, supp., 
Addison, W. H. F., and Thorington, I. M Anat. Rec. 11:318, 1916 
tt, F. W Brit. M. J. 23:655, (d) 698 and (e¢) 737, 1919. (f) Sand, K 
Endocrinology 7:273, 1923. (¢) Scheunig, | Arch. f. Gynak. 116:660, 1923 
(hk) Lipschitz, A.: The Internal Secretions of the Sex Glands, Baltimore, Williams 
& Wilkins Company, 1924, p. 109. (1) Lotz, A., and Jaffé, R.: Ztschr. f. Konsti 
tutionslehre 10:99, 1924. (7) Peyron, A.; Verge, |.; Blanchard, L., and Goret, P 
Compt. rend. Acad. d. sc. 308: 1387, 1936. (&) Nelson, A. A Am. J. Path. 14:83), 
1938. ( Okkels, H., and Sand, K.: J. Endocrinol. 2:38, 1940 m) Sluiter, |. W 
Nederl. tijdschr. v. geneesk. 90:665, 1946. (nn) Pollock, W. | Anat. Rec. 84:23 
1942. ( Stieve."” (p) Winiwater (q Sussmann.’ r) Winiwater.'’® 
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28. Sand, K., and Okkels, H.: Compt. rend. Soc. de biol. 128:187, 1936. Sar 
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2. Sand, K., and Okkels, H Compt. rend. Soc. de biol. 123-184 and 339, 1936 
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morphosis.** In routine preparations the earliest phase of the metamor- 


phosis of the undifferentiated cell appears to be an accumulation of finely 


granular cytoplasm. The fibrils which characterize the cell remain 
intact during this earliest phase. They then disappear, but on rare 
occasions cells can be found that seem to contain transversely fractured 
segments of the fibrils; perhaps the latter phenomenon falls more easily 
into the realm of artefact. As the fibrils disappear and the volume of 
the cytoplasm increases, the cell changes from a fusiform to a polygonal 
figure of distinct outline (fig. 9A and B). This cell seems to be the 


“immature” Leydig cell, and its finely granular, homogeneous and 


Fig. 9 1, young fusiform Leydig cell, The cytoplasmic threads have disap- 
peared, and the cytoplasm is filled with fine acidophilic granules. Verhoeff’s elastic 
tissue stain; x 1,400 

B, young polygonal Leydig cell. Verhoeff’s elastic tissue stain; x 1,400 

large mature Leydig cell showing development of coarse basophilic granules 
cytoplasm. Phloxine and methylene blue stain; x 1,400 
mature Leydig cell showing coarse cytoplasmic granules and the early phase 


| 


development of fine droplets in the periphery of the cell. Verhoeff’s elastic 
“ 1.400 


eosinophilic cytoplasm does not contain the elements that characterize 
the more mature form. These cells are found in large numbers during 
puberty and in the immature testis under endocrine therapy ** and seem 


> 


ore, R. in llen, E.; Danforth, (¢ H., and Doisy, E. A.: 
Internal Secretions, Baltimore, Williams & Wilkins Company, 1939 
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to be relatively uncommon in the normal adult gland. With appropriate 
stains the cytoplasm is found to contain lipids and a moderate number 
of mitochondria.** The nucleus, which does not change appreciably when 
observed by routine methods until the late stages of the life of the cell, 
retains the character it assumes in the undifferentiated cell, though it 
seldom shows pronounced infolding of the limiting membrane. It is 
large, spherical, harbors one or several plasmosomes and is usually 
eccentrically placed. The nucleoprotein is precipitated in coarse clumps 
with Zenker’s fluid and in fine granules when fixed in Helly’s fluid. 
Stained with methylene blue the chromatin is either deeply basophilic or 
light blue; the character of the staining reaction is not constant in any 
one cell type in the present material. 

After this phase of the metamorphosis of the cell the cytoplasm 
increases in volume and begins to acquire more distinctive qualities. The 
first obvious change is the appearance in the cytoplasm of a few coarse 
granules that in most preparations are colored with the acid stain, but 
occasionally the differentiation is such that they retain the basic stain 
while the fine granules in the background are decolorized (fig.9C). If 
the Champy-Kull method is used for the demonstration of mitochondria, 
this phenomenon is accompanied with what is apparently a peak in the 
number of granular mitochondria. Lipids and doubly refractile material 
are present, sometimes in large quantity, but with the technics that were 
employed (gelatin embedding, sudan III, oil red O, sudan B) it is not 
possible to see the cells with sufficient clarity to determine in the life of 
the cell the phases in which these substances ebbed or flowed. 

Apparently subsequent to the phase in which coarse granules are 
formed, fine droplets begin to appear in the cytoplasm, and at times a 
coarse granule can be seen in the center of a vacuole; mitochondria also 
seem to be present in these vacuoles (fig.9D). At this time, also, the 
distinctive crystalloids of Reinke are formed.** These rod-shaped 
bodies are found at puberty and in practically all normal testes regardless 
of the individual’s age, though varying rather remarkably in number 
from gland to gland.** They can be seen in fresh tissue, vary tremen- 
dously in size, and in fixed preparations are sometimes surrounded by 
an even halo of cytoplasmic clearing 

Hereafter the most spectacular changes occur in the Leydig cell. 
There is a further increase in volume to peak dimensions, and large 
glotules begin to form in the periphery of the cell immediately inside 
the cytoplasmic membrane. The phenomenon becomes so pronounced 


that the cell is said to be divided into ectoplasmic and endoplasmic zones 
(fig. 10). The endoplasmic zone consists of a mass of fine eosinophilic 


granules at one pole of the nucleus. In this mass are many mitochondria 


34. Reinke, | Arch. f. mikr. Anat. 47:34, 1896. Bukofzer, E.: Virchows 
Arch. f. path. Anat. 248:427, 1924. Winiwater, footnotes 10 and 19: Bardeleben.*** 
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and a few coarse granules and small, ill defined globules. If the cell is 
cut in the proper plane, a clear attraction sphere and centrioles can be 
seen near the nucleus in routine preparations. Two centrioles have been 
demonstrated in mononucleated cells.** The ectoplasmic zone makes up 
the remainder of the cytoplasm of the cell and is composed largely of 
the aforementioned globules, some of which attain a truly remarkable 
size, possibly through the coalescence of smaller droplets. The globules 
are separated by delicate lines of fine granules and a few mitochondria. 
Fat stains applied to these cells are difficult to interpret. There are 
lipoid granules in the endoplasm, and at least some of the ectoplasmic 
globules seem to be sudanophilic ; on the other hand, many of the large 
globules seem to be surrounded by a fatty enveiope, while the interior 


Fig. 10.—Leydig cells with well developed “endoplasmic” and “ectoplasmic” 
zones. The latter is made up of fine and coarse globules ; the outline of these droplets 
is just visible at some points. The cell has now reached its peak volume. Mallory’s 
phosphotungstic acid—hematoxylin stain; x 1,400. 


does not dissolve the sudan stain. This phenomenon was first noticed 


by Wagner * in the cat and in man. Crystalloids may be found in both 


the ectoplasmic and the endoplasmic portion of the cell (fig. 11). These 





large cells filled with globules are usually a distinct minority in the cell 
population of the testis, but occasionally they are the predominant cell. 


It is in these large cells that one first notices (from puberty through 


senility) the formation of fine, golden brown, argyrophilic pigment 


granules. We believe that these arise in the large peripheral globules 
of the cytoplasm and become aggregated into clumps of ever-increasing 


35. Winiwater, footnotes 10 and 19 
36. Wagner, K Anat. Anz. $6:559, 1923 
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coarseness ; as the pigmentation becomes more pronounced, the globules 
are replaced or fade from the scene (fig. 12 4). The volume of the cell 
now decreases, and the cytoplasm is occupied almost wholly by pigment ; 
at this point the mitochondria have all but disappeared and crystalloids 
are not found (fig. 12B). With a further decrease in volume, the cell 
outline becomes fusiform, the shrunken nucleus stains intensely and 
evenly, and the outline of the plasmosome is lost (fig. 12C). These 


observations coincide with those made by Rasmussen ** in the wood 


chuck. When the animals enter the period of sexual inactivity, many 


pigment granules develop in the interstitial cells 


Leydig cells similar to those in figure 10, but containing crystalloids 
osphotungstic acid—hematoxylin stain; « 1,400 


one can find occasional cells that resemble shrunken fibro- 


cytes, but in the cytoplasm are a few small aggregates of pigment. These 
ay represent the completion of the involution and life cycle of 

lig cell 
In reviewing a large number of sections of the testis one is often 
pressed by the number of Leydig cells that seem to be undergoing 
egeneration, a phenomenon comparable to the changes that take place 
‘ar zone ot the idrenal cortex The se changes which ire 
greater or less degree, may be artefacts, but possibly 
dissolution of certain Leydig cells in the normal gland after 


secretory changes in the cel 


x 


One of the principal premises 
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for this belief is the fact that much of the material under consideration 
was obtained by biopsy during operations in the region, in which event 


the tissue was fixed immediately on removal. If the changes are those 
of degeneration, it is necessary to suppose that Leydig cells complete 
their course in one of two ways, namely, by dissolution or by involutional 
atrophy. A similar fate appears to overtake the large interstitial cells 
of the fetal testis after birth. It is not always possible to determine 
whether a particular cytologic change is real or artefactitious. The most 
commonly enceuntered changes are as follows: In many instances the 
cell is converted into an anuclear, granular cytoplasmic smudge that 
sometimes contains pigment, while in others the cell shows nuclear 


Fig. 12 1, pigmented Leydig cell. The pigment appears to have developed in 
the globules of the “ectoplasmic” zone of the cytoplasm. The cell volume has 
decreased. No crystalloids are present in these cells, and the number of mitochondria 
has diminished. Verhoeff’s elastic tissue stain; x 1,400 

B, involuting Leydig cell. The cytoplasm is almost completely filled with pig- 
ment granules. Verhoeff's elastic tissue stain; x 1,400 

C, involuting Leydig cell filled with pigment granules. The cell has become 
fusiform, and the nucleus is homogeneous and deeply basophilic. Verhoeff’s elastic 
tissue stain; x 1,400 


‘hyperchromatism,” pyknosis or karyorrhexis, and an intensely acid 
ophilic cytoplasm (fig. 13.4). Greatly swollen cells are often present, 
their cytoplasm occupied entirely by fine vacuoles or exceedingly coarse 
granules. Some cells appear to have broken open, and although the 
fractured cytoplasmic membrane is clearly defined, the contents, includ 
ing crystalloids, are being extruded (fig. 13B). In addition to the 
disintegrating cells, the interstitial tissue often contains large amounts 


f granular precipitate and extracellular droplets which appear to be 
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Fig. 13.—A, degenerating Leydig cells. The upper cell is an anuclear smudge of 
cytoplasm. The lower cell is shrunken and the cytoplasm completely filled with 
droplets. Masson's trichrome stain; x 900. 

B, extrusion of crystalloids of degenerating Leydig cells. Mallory’s phospho- 
tungstic acid-hematoxylin stain; x 900 


C, testis of a 78 year old man showing hypospermatogenesis. The Leydig cells 
are arranged in isolated compact groups. Hematoxylin and eosin stain; «x 170 
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independent of the number of degenerating cells. Tramontano-Guen- 
itore ** expressed the belief that the granular precipitate is “coagulated | 
lymph” derived in part from disintegrated Leydig cells. 


THE SENILE TESTIS 


It is difficult to make positive statements about the testis of the aged 
person because of the frank variation.** In a few individuals even in 
the ninth decade the tubules appear to be fully active and comparable 
to those of a young man. The commonest change in the present 
material, however, is a general hypospermatogenesis affecting all tubules 
in approximately equal severity. This leads to a drop in the cell popu- 
lation, including spermatozoa, and apparently stems in most instances 
from a decrease in spermatogonial activity without arrest at a subsequent 
cell generation. If there is a tendency toward arrest of spermatogenesis, 
it occurs at the primary spermatocyte stage. The lowering of spermato- 
genic activity and the consequent decrease in the number of lumen cells 
make the tubule seem dilated; the outside diameter of the tubule is 
unaltered, however (fig. 13C). The number of sclerotic tubules 
increases with age, but if the process is striking, we believe that it is 
abnormal. The changes which the tubules undergo as they proceed 
toward sclerosis follow a definite pattern. This pattern is more closely 
akin to that found in hypophysial damage or suppression due to 


estrogens * than to the sequence of events encountered in primary 
testicular disease. 


In the event of complete spermatogenic failure the Sertoli cells 
gradually become atrophic, but first they show a moderate number of 
large sudanophilic globules in their cytoplasm (fig. 14 A). The changes 
that take place concomitantly in the wall of the tubule are interesting 
and difficult to interpret. The consensus appears to be that thickening 
of the basement membrane takes place.'* The thick layer is made up 
of fine eosinophilic fibrils that stain like collagen with Mallory’s aniline 
blue and Masson’s trichrome stains. Reticulum stains, however, show 
along the inner margin of the thickened layer a heavy line of precipitation 
that corresponds to the position and depth of the normal basement 
membrane. In the substance of the thickened layer, the silver is pre- 
cipitated on a few fine fibrils, while heavy precipitation again occurs on 
coarse fibrils at the outer margin of the layer where these merge with 
the fibrils of the fibrous tunic of the tubule. The whole appearance 
suggests that this is not true thickening of the basement membrane but 


37. Tramontano-Guenitore, G.: Boll. Soc. ital. biol. sper. 5:404, 1930. 

38. Griffiths, J.: J. Anat. & Physiol. 27:474, 1892. Stieve.*» Spangaro.*! Sand 
and Okkels.?* 

39. Howard, R. P.; Sniffen, R. C.; Simmons, F. A., and Albright, F.: J. Clin. 
Endocrinol. 16:121, 1950 
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primarily a laying down of collagen in the inner layers of the fibrous 
tunic directly beneath the basement membrane. The staining of the 
tissue by the periodic acid—leuko-basic fuchsin technic as modified by 
McManus *° further substantiates these observations, as does the pres- 
ence of occasional nuclei in the thickened layer. 

Pronounced changes also take place in the body of the fibrous tunic, 
which is thickened not only through an increase in nuclei and collagen 
fibers but through a remarkable deposition of elastic fibrils in and around 
it (fig. 14.4). In the final stages of tubular sclerosis the Sertoli 
cytoplasm disappears as the thickened walls close in on the lumen 
(hg. 14 B) 

In old age the Leydig cells, like the tubules, are extremely variable, 
and no dogmatic statements concerning them have seemed warranted.* 
One must eliminate from a discussion of the normal any consideration 
of those glands with many sclerotic tubules and interstitial fibrosis. In 
many elderly persons the interstitial cells are similar cytologically to 
those of a young man. Numerically one finds no deviation from the 
normal; at times they are relatively few, while occasionally they are 
extraordinarily, and perhaps abnormally, numerous. A fairly common 
distribution, which is not encountered in young men, takes the form of 
small compact groups of Leydig cells lying in the angles between the 
tubules, isolated by wide intervals from each other without the inter- 
vention, between the groups, of other Leydig cells (fig. 13C). At 
times these groups do not contain cells that have formed secretory 
globules and endoplasmic and ectoplasmic zones. 

In most articles on the subject a statement has been made concerning 
the quantity of pigment in the Leydig cells in old age, and the numerical 
weight of opinion favors an increment in these substances.** No opinion 
is offered here, after the examination of several hundred testes from 
persons past the age of 50 years. Indeed, if one believes that pigment 
represents the end products of secretory activity, one hesitates to admit 


that it increases with advancing years. 





SUMMARY 
The normal testis is reviewed as it develops and changes from early 
fetal life to senility. The study was undertaken to form a base line for 
1) the evaluation of the abnormal testis seen in male infertility, (2) 


the interpretation of the testicular changes occurring in demonstrable 


‘ 
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Simmonds, M.: Virchows Arch. f. path. Anat. 201:108, 1910. Engle.*** 
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endocrine disease, (3) observations of testicular atrophy following 
estrogen therapy and (4) the assessment of treatment for the undevel- 
oped testis of eunuchoidism. 
Particular attention is directed toward the following features of the 
metamorphosis and maintenance of the testis: 
1. The appearance of the fetal interstitial cells and their rapid 
postnatal involution. The similarity of these changes and the 


phenomena that occur in the adrenal cortex after birth. 


The gradual metamorphosis of Sertoli cells and the development 
of germ cell activity before and during puberty. 

The sequence of the morphologic changes observed in the Leydig 
cells. 

The inconstancy of specific changes encountered in the senile 
testis and some details of the tubular sclerosis of senility. 





THE TESTIS 
lities of Spermatogenesis; Atresia of the Excretory Ducts 





RONALD C. SNIFFEN, M.D. 


R. PALMER HOWARD, M.D." 
AND 

FRED A. SIMMONS, M.D. 
BOSTON 


N THE preceding article * observations on specimens of normal testis 

ranging from embryonic life to senility were summarized with the 
object of encompassing the more obvious variables that occur in different 
age periods and of establishing a baseline for comparison of the abnormal 
testis. The present study deals with the histologic appearance of the 
testis in a group of 67 men who complained of sterility and were found 
to have a deficiency or an absence of sperm in the semen. These men 
seemed perfectly healthy in other respects and had no outward mani- 
festations of an endocrine disorder. Further, none gave a history of 
maldescent of the testis, testicular disease, exposure to radiation, possible 
occupational hazard or recent acute illness. Only those who had no 
evidence of past or present inflammation of the testicle are considered 
here, and therefore those with interstitial fibrosis and excessive tubular 
sclerosis were eliminated. The clinical investigation included, in partic- 


ular, sperm counts and estimations of the urinary gonadotropins 
(“follicle-stimulating hormone”) and urinary 17-ketosteroids. The 
theoretic aspects of the abnormalities are considered in greater detail in 
another publication.? 


Early in the study, which began in 1939 and was closed in 1947, it 
became quite clear that one could not always anticipate the functional 
state of the testis by determining the number of spermatozoa in the 
semen. Microscopic examination of testicular tissue seems to be the 
soundest method of evaluating the situation. 


From the Departments of Pathology, Medicine and Surgery, Massachusetts 
General Hospital. 


*R. P. Campbell Memorial Fellow of the Montreal General Hospital for 
1946-1947 

1. Sniffen, R. C.: Arch. Path., this issue, p. 259 

2. Howard, R. P.; Sniffen, R. C.; Simmons, F. A., and Albright, F.: J. Clin 
Endocrinol. 10:121, 1950. 


285 

















ARCHIVES OF PATHOLOG) 


ABNORMALITIES OF SPERMATOGENESIS 


irrest of Maturation in Spermatogenesis.—In the testicular tubules 
ot 8 patients the process of spermatogenesis appeared to halt at various 
points along the production line. The point of arrest was reasonably 
constant in the individual testis, but varied from patient to patient; 
generally it was not abrupt, but was sufficiently striking to permit these 
men to be considered as a group 


[he pertinent clinical and laboratory data are shown in table 1. In 


all cases sperm counts were below normal, and in certain patients there 
Tasie | frrest of Spermatogenesis 


Follick 
1?-Keto Mimulating 
steroids, Hormone, 

Size of Mg. per M. U. per Sperm 

Testes Day * Day + ounts ? 

Normal 15.0 ¢ l 1OM 
2/bpft 

mall Zero 
Zero 
iM 
Zero 
™ 
oM 
“om 
29M 
Rare 
Rare 
Zero 
Zero 
Zero 
Zero 


els of urinary 17-ketosteroide were determined by a modification of the Zimmer 
»*. The range for normal men lies between 8 and 18 mg. per day (Fraser, BR. W.; 
P.; Albright, F.. and Sulkowiteh, H J. Olin. Endocrinol. 1: 234, 1941) 

e urinary content of “follicle-stimulating bormone’’ was determined by the method of 
nefelter Jr. F. Albright and G. ©. Griswold (J. Clin. Endocrinol. 31 520, 143). By 
alysis method” (indicated by D) the normal range for positive responses is 6.5 to & 
ime te (mM. t per day; values of @ m. u. or above are abnormally high By “the non 
lialysia method which is designed to differentiate between normal and high levels of “follicle 
stimulating hormone,” responses of 10 m. u. per hundred cubie centimeters or of 9 m. u. per 
iay are abnormally high. Note that in case 47 the value is reported in mouse units per hundred 

eul wntimeters. The second line values in cases 1 and S2 are second determinations 
The semen analyses were performed according to the method described by W. W. Williams 
F \. Simmons (Croll. & Cutan. Rev. 47: 8, 1042 M stands for millions per cuble 

ete hpt, for high power fleld 


azoospermia, whereas the 17-ketosteroid assays and “follicle 
tlating hormone” excretions were essentially normal 
he failure of spermatogenesis to reach its usual conclusion appeared 
lv fault in the gland. No abnormalities were detected in 
e Sertoli cells, the basement membrane or the tunica propria of the 
tle, nor were they evident in the interstitial tissue or the Leydig cells 
' 


ost all biopsies the tubules contained a normal complement 


uctive spermatogonia, but beyond this point numerical abnor 


2 
a relative decrease in the number of primary spermatocytes 


«gan to appear in the spermatogenic cells For example, 2 
" 


At 
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Fig. 1—Arrest of spermatogenesis. Spermatogenic activity stops fairly abruptly 
with the formation of primary spermatocytes, just before the reduction division. 
Relatively few secondary spermatocytes or spermatids are present. Phloxine- 
methylene blue stain; « 200. 





Fig. 2.—Arrest of spermatogenesis after the formation of secondary spermato- 
cytes. Only a few spermatids and spermatozoa were found in this biopsy specimen. 
Phosphotungstic acid-hematoxylin stain; x 200. 
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in many tubules and consequently a drop in the representatives of 
succeeding generations (cases 46 and 47). The testes of 2 men (cases 
48 and 49) contained large numbers of primary spermatocytes but 
relatively few secondary spermatocytes (fig. 1). In cases 50 and 51 
there was normal spermatogenesis up to and including secondary 
spermatocytes, but here activity seemed to dwindle and spermatids were 
difficult to find (fig. 2). In all these examples the lumens of the tubules 
contained many desquamated cells; the predominating luminal cell type 
was determined by the generation at which normal spermatogenesis 
ceased. The last 2 men in the group were particularly interesting 
because they were brothers who showed the same type of testicular 


Fig. 3.—~Arrest of spermatogenesis after the formation of spermatids associated 
with moderate hypospermatocytogenesis. Spermatids make up the immediate lining 
of the tubule in large part and many of them lie in the lumen; multinucleated 
spermatids are numerous. No mature spermatozoa were found in the biopsy 
specimen. Phosphotungstic acid-hematoxylin stain; x 200 


abnormality (cases 52 and 53). Both men had been married and without 
offspring for several years, and sperm had never been found in their 
ejaculates, The testes of each patient showed a reduction in the number 
of spermatogonia and spermatocytes, but the process continued until 
spermatids had formed. However, these cells failed to metamorphose 
into sperm, and consequently the lumens were lined by, and contained, 
many spermatids (fig. 3) Some of these cells seemed to be viable, 
others were disintegrating, and many of them were multinucleated. In 
the case of one brother another biopsy was made a year later, and the 


same defect was still present In the interval he had been treated with 
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chorionic gonadotropin, testosterone, thyroid and a mixture of “follicle- 
stimulating” gonadotropin and chorionic gonadotropin. 

H ypospermatogenesis—Fifteen men showed varying degrees of 
hypospermatogenesis without arrest at a particular cell generation. The 
pertinent clinical and laboratory data are summarized in table 2. All 
cell types, including spermatogonia, were present in the usual proportion, 
but the census of each variety was decreased. Under normal circum- 


Tasie 2.—H ypospermatogeness 


* See table 1 


* See table 
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stances spermatogonia multiply their own kind before proceeding along 
the spermatogenic line, but here their number was strikingly reduced. 
Although there were relatively few gametic cells of any one type, sperma- 
togenesis seemed to complete itself in the usual manner. In most cases 
a few spermatozoa had formed; the exceptions were those in which the 
activity of the glands was reduced to a minimum. Degenerating cells 
were not present in the tubules in excessive numbers 

The severity of the abnormality varied from testes that showed 


almost normal activity (fig. 4) to those in which there was minimal 
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activity. In the latter group no sperm had formed, and only a few 
primary spermatocytes lay embedded in the Sertoli cytoplasm. The few 
spermatogonia scattered along the basement membrane were often small 
and apparently immature. The spaces between them were filled by 
Sertoli cytoplasm that showed no signs of atrophy or excessive accumu- 
lation of sudanophilic droplets (fig. 5). Despite marked hypospermato- 
genesis the basement membrane was not thickened, collagen or elastic 


fibrils had not been deposited in the tunica propria and there was no 


tubular sclerosis. The interstitial tissue was undisturbed and without 
arterial change. Furthermore, the Leydig cells appeared to be morpho- 
logically normal, although at times their number seemed to be somewhat 
increased 


Fig. 4.—Moderate hypospermatogenesis. All types of spermatogenic cells are 
present in about normal proportion, but all are reduced in number Phioxine- 
methylene blue stain; x 150 


Oligospermia with Normal Testis.—The testicular tissue of 9 
apparently sterile men in this study seemed to be normal or showed an 
equivocal drop in spermatogenic activity. However, their sperm counts 
were usually decidedly below normal on repeated observations of semen 
carefully collected after abstinence from intercourse. Endocrine abnor- 


malities were not detected in these patients 


ATRESIA OF THE EXCRETORY DUCTS 
Not long ago it was often stated that ligation of the excretory ducts 
of the testis led to destruction of its spermatogenic function, and 


Steinach’s efforts at rejuvenation of men were based on the belief that 
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Fig. 5.—Severe hypospermatogenesis. Relatively few spermatogonia lie along 
the basement membrane, and their activity is profoundly depressed. Most of the 
nuclei belong to the Sertoli cytoplasm; they are identified by their prominent 
plasmosome. Phosphotungstic acid—hematoxylin stain; x 200. 





Fig. 6.—Atresia of the excretory ducts. Normal spermatogenesis with an 
excessive number of desquamated cells in the lumen of the tubule. Phosphotungstic 
acid—hematoxylin stain; «x 200 
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the procedure resulted in hyperplasia of the Leydig cells. It is now 
known that ligation of the vas deferens in man has little effect on 
spermatogenesis and does not disturb the interstitial cells.’ 

Testicular tissues taken for biopsies from 35 men with bilateral 
defects of the excretory ducts are included in this study. The block to 
the outflow of sperm was due most often to bilateral gonorrheal epididy- 
mitis; only 1 case of probable healed tuberculous epididymitis was 
encountered. In 4 patients no vasa could be found at operation, and | 
man had an anomaly of the epididymides. No ejaculatory ducts could 
be visualized in 2 patients. 

The average age of these men was 32 years, the oldest being 41 
Physical examination gave essentially negative results except for a few 
cases in which the epididymides were thickened. The testes were normal 
in size, but in all cases no spermatozoa were found in the ejaculate. The 
outstanding feature of this group of biopsy specimens lay in the fact 
that visible tubular damage was minimal or absent despite the fact that 
there had been atresia of the excretory ducts for many years. In the 
majority of the biopsy specimens spermatogenesis was active and 
spermatozoa were being produced in normal numbers. The inconstant 
abnormalities in the minority of the specimens were minimal and prob- 
ably inconsequential. Such abnormalities included slight tubular 
dilatation, occasionally with apparent compression of the interstitial 
tissue ; minimal to moderate hypospermatogenesis, with or without mild 
collagenous thickening of the tunica propria; focal tubular atrophy, and 
interstitial fibrosis. The abnormality encountered most frequently, and 
obviously not dependent on abnormal spermatogenesis, was the presence 
of an unusually large number of desquamated spermatocytes, spermatids 
and spermatozoa in the lumens of the tubules (fig. 6). Many of these 
cells were well preserved, while others were disintegrating, and often 
pyknotic nuclear fragments were conspicuous. No quantitative or 
qualitative abnormalities were detected in the Leydig cells 

It is interesting that the ages of the 7 patients with anomalies of 
the excretory ducts varied between 26 and 37 years and averaged 29 
years. Despite these long intervals after puberty there was little or no 
decrease in spermatogenic activity. Motile spermatozoa were present 
in the epididymal fluid in a majority of the men who came to epididymo- 
vasostomy 

COM MENT 
Che value of testicular biopsy in the management of male sterility 


has become apparent in the iast ten years, and the findings as outlined 


3. Moore, C. R., in Allen, I Danforth, C. H., and Doisy, E. A., editors: Sex 


nternal Secretions, Baltimore, Williams & Wilkins Company, 1939 
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by several authors have been essentially similar.* These observers have 
stressed certain points: (1)The frequency of barren marriages (1 in 7) 
and the fact that in half of these the wife has been considered normal, 
but quantitative and qualitative abnormalities have been found in the 
husband’s sperm and seminal fluid. (2) The general good health of 
the patients, in whom there were no symptoms or signs of endocrine 
imbalance and very often no palpable abnormalities of the scrotum. (3) 
The need for exact and repeated appraisals of properly collected semen 
in conjunction with microscopic examination of testicular tissue. (4) The 
necessity of testicular biopsy if vasoepididymal anastomosis is considered. 
It is obvious that even in the presence of testes that are normal to 
palpation, azoospermia is not always caused by atresia of the excretory 
ducts. (5) The inefficacy of the endocrine preparations available for 
the treatment of arrested spermatogenesis and hypospermatogenesis in 
the absence of demonstrable endocrine disease. 

It is important to emphasize the fact that no other abnormalities 
were found in the testes of patients with defective spermatogenesis. The 
Sertoli cells were not atrophic, and the cytoplasm contained the usual 
fat droplets, granules, “fibrils” and crystalloids; the nucleus was 
unchanged. The basement membrane was delicate, and no thickening 
of the fibroelastic tunica propria had occurred. In our experience, 
multiplication of the fibrils of the tunica propria goes hand in hand 
with atrophy of Sertoli cells, and one is not found without the other. 
The “peritubular fibrosis” described by Charny and Meranze “ was 
not evident ; they expressed the belief that this phenomenon is the result 
of an inflammatory process or is a replacement fibrosis following shrink- 
age of the tubules. The interstitial tissue was delicate and loose, and 
no changes were detected in the vessels. The Leydig cells had the 
characteristics of actively secreting units and showed their distinctive 
peculiarities as described in part I of this study. Occasionally they 
seemed to be quite numerous, but such a wide numerical variation exists 
under normal circumstances that the impression was difficult to assess. 
The abnormalities of spermatogenesis were not accompanied by cellular 





disorganization or excessive desquamation into the tubular lumen; 


4. (a) Charny, C. W.: J. A. M. A. 118:1429, 1940. (b) Hotchkiss, R. S.: 
Bull. New York Acad. Med. 18:600, 1942. (c) Engle, E. T., in Cowdry, E. V., 
editor: Problems of Ageing, Baltimore, Williams & Wilkins Company, 1942. 
(d) Charny, C. W., and Meranze, D. R.: Surg., Gynec. & Obst. 74:836, 1942. 
(e) Charny, C. W.: Am. J. M. Sc. 207:519, 1944. (f) Charny, C. W., in Engle, 
E. T., editor: Diagnosis in Sterility, Springfield, I!l., Charles C Thomas, Publisher, 
1946. (¢) Nelson, W. O.: J. Omaha Mid-West Clin. Soc. 8:1, 1947. (h) Engle, 
E. T.: J. Urol. $7:789, 1947. (i) Simmons, F. A., and Sniffen, R.: Western J. 
Surg. 55:508, 1947. (7) McCullagh, E. P.: M. Clin. North America 32:73, 1948 
(k) Nelson, W. O.: Ibid. 32:97, 1948. (1) Heller, C. G., and Nelson, W. O.: J 
Clin. Endocrinol. 8:345, 1948. 
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binucleated cells were sometimes more noticeable than in the normal 
gland. Abnormalities of sperm formation are difficult to visualize in 
tissue sections. Examination of the semen is easier and more accurate. 

The etiologic aspect of arrested spermatogenesis and hypospermato- 
genesis is not clear, and one is forced to discuss the matter in nebulous 
terms 

Possibly there is a deficiency or an inhibition of a substance or 
substances that promote cellular division and metamorphosis in spermato- 
genesis. It is known that rest, restriction of intercourse, correction 
of a faulty diet, thyroid medication and moderation in the use of tobacco 
and alcoholic beverages may improve the sperm count in certain 
instances, but this knowledge does not explain the condition. It does 
seem that these abnormalities of spermatogenesis should be amenable 
to treatment if they could be given a slight push in the right direction. 
The various endocrine preparations have been disappointing in this 
regard. We have not seen an unequivocal and lasting improvement in 
spermatogenesis after such therapy. Indeed, it would be remarkable 
if these preparations were effective, since the levels of urinary gonado- 
tropins and androgens, as well as the physical development of these 
men, lead one to suppose that there is no endocrine imbalance. The 
results of vitamin therapy have not been encouraging, although it has 
been shown that in patients of this type the ascorbic acid content of 
the semen may be subnormal in the presence of a normal blood level 
of the vitamins.’ 

It is possible that one of a number of injurious agents may bring 
about an irreversible change in gametogenic activity in a susceptible 
person. An analogy is found in benzene poisoning and its effect on 
the bone marrow. Individual susceptibility is an outstanding feature 
of this condition inasmuch as in only a few of many persons exposed to 
like concentrations of the solvent will serious blood disease develop.* 
Furthermore, the marrow may remain aplastic or qualitatively abnormal 
for years after exposure and despite the fact that benzene is readily 
excreted by the body. Benzene has apparently instituted an irreversible 
change in the mitotic activity and metamorphosis of the blood-forming 
cells of a susceptible person 

In general the findings in the testis adequately explained the hypo 
spermia of the semen, but 9 patients had repeatedly low sperm counts 
in the face of adequate spermatogenesis. We do not believe that either 
the sperm counts or the interpretation of the results of biopsy was 


incorrect. Admittedly, it is difficult to estimate accurately the number 


5. Tungck, FE. C.: Maddock, W. O.: Van Brugger, J. T.. and Heller, C. G.: 
Federation Proc. 6:139, 1947 
Bowditch, M.; Elkins, H. B.; Hunter, F. T.; Mallory, T. B.; Gall, E. A., 
and Brickley. W. | ]. Indust. Hyg. & Toxicol. 21:321, 1939 
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of spermatozoa in the testis by the examination of a small fragment 
of tissue, but in our experience a fair sample of the whole is obtained. 
Charny “ stated that the discrepancy may be caused by poor drainage 
through the ejaculatory ducts from adnexal infection. In the normal 
gland most spermatozoa are embedded in the Sertoli cytoplasm and 
relatively few lie free in the lumen. Possibly there is a pituitary sub- 
stance that initiates the release of sperm into the lumen by inducing 
disintegration of the apical part of the Sertoli cytoplasm. This 


phenomenon seems to take place in the toad.’ A deficiency of this 


substance might result in oligospermia. 


CONCLUSIONS 

In the absence of endocrine disease, judged from the physical 
habitus of the patient and the excretion of pituitary gonadotropins and 
17-ketosteroids, the most common cause of azoospermia in this group 
of 67 patients was congenital or acquired atresia of the excretory ducts 
of the testis. Oligospermia of healthy young men was found to be due 
to a general hypospermatogenesis with a reduction in the number of 
spermatogonia or an arrest of spermatogenesis at one of the gametocyte 
generations, including spermatid metamorphosis. The endocrine prepara- 
tions that are available at the present time did not increase the sperm 
count or improve the morphologic aspects of the testis in these patients. 
Testicular biopsy is a simple procedure of great value in the study of 
sterility, as it eliminates the uncertainties in diagnosis and provides 
definite information on the state of the testis and the prognosis of the 


condition 


7. De Robertis, E.; Burgos, M. H., and Breyter, E.: Proc. Soc. Exper. Biol. 
& Med. 61:20, 1946. 
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SCLEROSING LIPOGRANULOMA 


HANS F. SMETANA, M_D. 
Chief of Pathology, Armed Forces institute of Pathology 
WASHINGTON, D.C 
AND 
WILLIAM BERNHARD, M.D 
Director of Leborotories, St. Barnabas Hospital 
NEWARK, N. J 


PECULIAR granulomatous reaction that occurs in subcutaneous 

fat tissues after injury of various types has long attracted the 
attention of clinicians and pathologists. Differences in behavior, course 
and significance have led to the recognition of several clinical entities 
and syndromes within the large and ill defined group of conditions 
characterized by this reaction. Among these are traumatic fat necrosis 
of the female breast with its clinical and pathologic differentiation from 
carcinoma of the breast '; relapsing febrile nonsuppurative nodular pan- 
niculitis, or Weber-Christian disease, which has been the subject of 
numerous reports since the original description by Pfeifer *; adipone- 
crosis subcutanea neonatorum and calcinosis,® and changes in the lung 


parenchyma following aspiration of oils and fats.* 


1. (a) Targett, J. H Lancet 1:623, 189% bh) Lanz, O Centralbl. f. Chir 
1898 c) Lee, B. J., and Adair, F. | Ann. Surg. 72:188, 1920: (d) 
& Obst. 34:521, 1922 ¢) Lecéne, P., and Moulonguet, P Ann 
2:193, 1925. (f) Gottesman, ].. and Zemansky, A. Ir Ann. Sure 
Maggi, A. \ Arch. ital. chir. §2:711, 1938 
\ Deutsches Arch. f. klin. Med. $@:438, 1892. (6b) Roth 
chows Arch. f. path. Anat. 136:159, 1894. (c) Gilchrist, T. ¢ 
L. W Bull. Johns Hopkins Hosp. 6:291, 191¢ (d) Weber, F. P 
mat. $37:301, 1925. (¢) Christian, H. A Arch. Int. Med. 42: 338, 
Christian, H. A., and Mackenzie, | Oxford Medicine, New York, 
versity Press, 1934, vol. 4, pt. 4, p. 804 (55 7) Weber, F. P Brit 
mat. 47:230, 1935. (Ah) Reimann, H. A., and Havens, W. P rr. A. Am 
ians 16:38, 1941. (i) Friedman, N. B Arch. Path. 39:42, 1945. (;) 
uran-Reynals, | Yale |. Biol. & Med. 28:585. 1946 (k) Ungar, H J 
Path. & Bact. $8:175, 1946 
Knopfelmacher, W Jahrb. f. Kinderh. 4§:177, 1897. (b) Thiemich, 
M Ztscl yhysiol. Chem. 26:189, 1898. (c) Leme I Ztschr. f. Kinderh 


46:323, 192 4) Epstein, J., and Barash, | Am. J. Dis. Child. 40:337, 1930 


Wilens, G., and Derby, ] Ibid. 31:34, 1926 f) Rothstein, J. L., and Welt, 
Ibid. $2:368, 193 
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Even after the separation of these recognized entities, there remains 
a large number of cases characterized by a granulomatous reaction in 
the subcutaneous fat tissue of essentially uniform histologic appearance, 
but attributed to different causes. The many names supplied by authors 
in describing conditions characterized by this reaction have added to 


the difficulty of diagnosis. Terms suggested are “saponifyiny necro- 


sis,” * “necrosis of subcutaneous fat tissue,” * “ischemic fat necrosis,” ' 
“lipophage granuloma,” * “lipogranuloma,”* “lipodystrophy,” *° “lipo- 
phagic granuloma,” '' “adiponecrosis,”** “lipoid necrobiosis”* and 


others."* 


[he uncertainty concerning the etiologic factors in many cases and 
the similarity of the histologic pictures, despite the variety of names, 
prompted Keil ** to suggest a classification of the panniculitides on the 
basis of clinical behavior. 


4. (a) Corper, H. J. and Freed, H.: J. A. M. A. 79:1739, 1922. (b) Laugh- 
len, G. F Am. J. Path. 1:407, 1925. (c) Pinkerton, H.: Am. J. Dis. Child 
33:259, 1927; (d) Arch. Path. §:380, 1928. (e¢) Ikeda, K Am. J. Dis. Child 
49:985, 1935. (f) Graef, I Am. J. Path. 11:862, 1935. (9) Ikeda, K.: Arch 
Path. 23:470, 1937. (hk) Graef, 1.: Ibid. 28:613, 1939. (i) Freiman, D. G.; 
Engelberg, H., and Merrit, W. H.: Arch. Int. Med. 66:11, 1940 

5. Shattock, S. G Tr. Path. Soc. London 47:246, 1896. 

6. (a) Berner, O.: Virchows Arch. f. path. Anat. 193:510, 1908. (6) Heyde, 
M Deutsche Ztschr. f. Chir. 109:500, 1911 (c) Kuettner, A Berl. klin. 
Wehnschr. 50:9, 1913 

Farr, C. E.: Ann. Surg. 77:513, 1923 

8 (a) Abrikossoff, A Centralbl. f. allg. Path. u. path. Anat. 38:542, 1926; 
(b) Verhandl. d. deutsch. path. Gesellsch. 24:57, 1929 

9. (a) Makai, E Klin. Wehnschr. 7:2343, 1929. (6b) Alexander, A Ibid 
8:2138, 1929. (c) Strasser, U Ibid. 9:987, 1930. (d) Goldzieher, M.: Arch 
Surg. 23:690, 1931. (¢) Harbitz, H. F Acta chir. Scandinav. 76:401, 1935. (f) 
Powell, N., and Powell, E. B J. Urol. 59:631, 1948. 

10. Rowe, A. H., and Garrison, O. H.: J. A. M. A. 99:16, 1932. 

ll. (a) Peroni, P Arch. atti Soc. ital. chir. 45:878, 1939. (b) Skorpil, F., 
and Uldrich, ] Arch. f. klin. Chir. 208:137, 1942. (c) Bizard, A. G., and Van 
derenberghe, J Gaz. méd. de France §3:327, 1946 

12. Haxthausen, H.: Nord. med. 7:1174, 1940 

13. Belote, G. H., and Welton, D. G.: Arch. Dermat. & Syph. 40:887, 1939 
Wallace, H. | Proc. Roy. Soc. Med. 37:149, 1943. 

14. (a) Hochsinger, ( Monatschr. f. Kinderh. 1:323, 1903. (b) Petri, E. 
Centralbl. f. allg. Path. u. path. Anat. 37:1, 1926. (c) Teutschlaender, O.: Frank 
furt. Ztschr. f. Path. 38:436, 1927. (d) Marti, T Praxis 34:729, 1945. (e) 
Whipple, G. H.: Bull. Johns Hopkins Hosp. 18:382, 1907. (f) Karoliny, L.: 
Virchows Arch. f. path. Anat. 264:305, 1927. (g) Fleischmann, R Arch, f 
klin. Chir. 188:692, 1930. (hk) Tedeschi, C. G Arch. Path. 42:320, 1946. (4) 
Urbach, E., and Gouley, B. A.: J. Invest. Dermat. 5:331, 1942. (7) Baccaredda, 
\ Haematologica 24:775, 1942. (k) Amsterdam, H. J., and Grayzel, D. M. 
Am. J. M. Se. 210:605, 1945 

15. Keil, H grit. J. Dermat. 47:512, 1935 
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Study of a number of cases characterized by tumorous swelling of 
subcutaneous fat in several different locations has indicated the desira- 
bility of choosing a name descriptive of the basic pathologic characteris- 
tics. In the cases utilized in this study, the lesions were in the genital 
region, the buttocks, the extremities and the orbit, but the pathologic 
features were repeated in all locations with but minor variations. “Scle- 
rosing lipogranuloma,” a term which is descriptive of the lesion but 
which is not limited by implications as to causation, location or clinical 
features, is offered as an inclusive name for those characteristic reac- 
tions in the subcutaneous fat tissue which are not already classified with 
recognized entities such as Weber-Christian disease, simple fat necrosis 
and others. This diagnosis has been in use at the Armed Forces Insti- 
tute of Pathology for several years 


MATERIALS AND METHODS 


The 14 cases to be presented were taken from the files of the Armed 
Forces Institute of Pathology, to which they had been sent from various 
\rmy hospitals, Veterans Administration hospitals and civilian institu- 
tions. All specimens had been fixed in formaldehyde solution, and special 
stains for elastic tissue, reticulum fibers and iron were made in all cases. 
When wet tissues were available, frozen sections were stained with 


sudan III or oil red ©, osmic acid and nile blue sulfate. The fluores 


cence of fats in the various lesions was determined by employing a 


fluorescent microscope for the examination of frozen sections stained 
with phosphine 3R and nile blue sulfate."* For the purpose of com- 
parison, lesions of fat necrosis of the breast, Weber-Christian disease 
and adiponecrosis subcutanea neonatorum, and the local tissue reaction 


to foreign lipoid material were studied by the same methods 


CASES OF SUBCUTANEOUS SCLEROSING LIPOGRANULOMA 


Abbreviated clinical histories of the cases of subcutaneous sclerosing 
lipogranuloma and descriptions of the gross and microscopic appearance 


of the operative specimens follow 


GENITA REGION 


Case 1 (AFIP accession 198745) A 34 year old white man received a sharp 
blow on the dorsal aspect of the base of the penis in July 1947. Tenderness, discol- 
oration and swelling ensued The first two symptoms disappeared within five days, 
but the swelling persisted (fig. 1) in spite of treatment consisting of applications of 
hot packs and rest in bed. The Kahn and Wassermann tests were negative. On 
August 19, approximately five weeks after injury, the mass around the base of 


the penis was resected The operative specimen consisted of a dumbbell-shaped 


16. Cornbleet, T., and Popper, H. I Arch. Dermat. & Syph. 47:637, 1943 
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piece of tissue, 10 by 4 by 4 cm., which was firm and rubbery in consistency. On 
section it was seen to be composed of dense homogeneous yellow-white ‘material 
in which there were many small cystic spaces the size of a pinhead. The diagnosis 
of fat necrosis was made at the hospital. 


Microscopic Examination—The structure of the subcutaneous fat tissue was 
disrupted, and the adipose cells were replaced by fat globules of various sizes 
separated by fibrous connective tissue (fig. 2.4). Necrosis of the stromal septums 
and adipose cells had permitted fat droplets to coalesce into large globules (fig. 
7B). About the nutrient blood vessels of the fat lobules there were extensive 
accumulations of macrophages containing vacuoles of various sizes. The vacuolated 
cytoplasm of many cells exhibited signs of disintegration, and rupture of the cells 


Fig. 1.—Sclerosing lipogranuloma of the penis. There was a history of a blow 
on the penis five weeks previously. Note the intact skin over the shaft of the penis 
and the thickening of the shaft. Case 1; AFIP accession 198745. (Neg. 47-4012, 
Letterman General Hospital, San Francisco.) 


had permitted confluence of liberated fat droplets to produce large fat g'obules 
(fig. 8B). Many cystlike spaces lined by flat endothelial cells or by syncytial 
riant cells of the foreign body type were scattered throughout the tissue (figs 
7C, and 8A and C) Around some of the cystic spaces were areas of hyaline 
eosinophilic material with numerous macrophages containing phagocytosed fat 
droplets at their periphery Perivascular accumulations of lymphocytes were 
numerous. Granulation tissue was observed on the borderline between the affected 
portion of the fat tissue and the surrounding tissues 

Sudan III stains demonstrated sudanophilic material within the cystic spaces 


and in the vacuoles of the distended macrophages. In nile blue sulfate preparations, 











Fig. 2.—A, disruption of normal structure of fat lobules, with adipose cells 
being replaced by fat globules of various sizes separated by fibrous connective tissue 
and infiltrates consisting of lymphocytes and macrophages. Occasional giant cells 


_ 


are visible about some fat globules. x 27. Case 1; AFIP accession 198745 


B, fat being transported by macrophages into inguinal lymph nodes from the 
lipogranuloma of the scrotum Numerous spaces, often lined by foreign body 
giant cells, occupy the sinuses. Note the confluence of small fat droplets, forming 
iarger globules, and the resulting cystlike spaces. The structure of the lymph node 
is essentially unchanged. There is no tendency to sclerosis. x 100. Case 3; AFIP 
accession 190851 

C, subcutaneous fat tissue being replaced by a lipogranuloma composed of fat 
globules of varying sizes, fibrous connective tissue and infiltrates of lymphocytes 
and macrophages. Many cystlike spaces, containing fat, are scattered through the 
tissue and are lined by foreign body giant cells x OO. Case 4; AFIP accession 
137855 

D, hyalinization and necrosis of septums of adipose tissue in the periphery of 
fat lobule Fat is being liberated from damaged cells, and its confluence is pro- 
ducing large globules and cystlike spaces <x 125. Case 4; AFIP accession 
137855 


300 
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most of the lipoid material within the disturbed fat lobules assumed a pale rose 
tint, and the material within the large cystic spaces exhibited the same color 
reaction. Only a few fat lobules and the myelin sheaths of nerves took a purple 
stain. Stains for iron were entirely negative. Elastic tissue fibers were almost 
completely absent within the granulomatous areas but were well preserved about 
the blood vessels. The eosinophilic hyaline material replacing the former inter- 
cellular septums took the stain for collagen. Stains for reticulum fibers showed 
numerous, well preserved argentophilic fibers in all parts of the sections. The 
cystic spaces were surrounded by reticulum fibers, which in some places were 
condensed or disrupted by a rather coarse, grayish brown material exhibiting 
indefinite parallel layering. No fluorescence of the fat was observed in sections 
impregnated with phosphine 3 R. In nile blue sulfate stains the rose-colored fat 
exhibited a pale yellow, silvery fluorescence; the purple-staining fat globules 
emitted a golden fluorescence. Occasional fat cells appeared black in osmic acid 
preparations, while the material in the disrupted fat tissue remained unstained. 

Case 2 (AFIP accession 190183).—A white man, 20 years of age, was admitted 
to the hospital because of enlargement of the penis. Earlier that month while he 
was working in a greenhouse, an inflammatory lesion had developed on the penis 
The entire penis became swollen, red and tender, and a physician diagnosed the 
condition as “reaction to poison ivy.” The patient had never applied salves or 
ointments or any type of treatment to the lesion. He denied ever having had sexual 
intercourse. The prepuce could be retracted only with difficulty, and the glans 
penis appeared small in comparison with the size of the entire organ. The follow- 
ing day the mass was removed by sharp dissection. 

The surgical specimen consisted of six fragments of tissue, the largest meas- 
uring 5 cm. in its greatest dimension. Some of the fragments were covered with 
epidermis and were composed of tough yellowish fibrous tissue containing minute 
cystic cavities. The reported pathologic diagnosis was “lymphangiomatosis of 
penis, secondary to dermatitis.” Chemical studies for liquid petrolatum gave nega- 
tive results 

Microscopic Examination.—A granulomatous process was observed in the sub- 
cutaneous fat tissue which was essentially similar to that described in case 1. The 
results of the use of special stains and of fluorescence studies were also identical. 


Case 3 (AFIP accession 190851).—A 37 year old white man, veteran of the 
China-Burma-India theater of war from 1944 to 1945, noted a painless swelling 
of the left side of the scrotum in January 1946. There was loss of sensation to 
the point that even a hammer blow on the scrotum did not cause pain. On 
physical examination the scrotum was found to be hugely enlarged, with partial 
fixation of the skin to a mass which appeared to have involved the scrotum dif- 
fusely. Swelling of the penis had caused an irreducible phimosis. In February 
1947 the mass was removed. At operation it was found to occupy the entire 
scrotum, incarcerating both testicles and cords. “Tumor tissue” extended along 
the right cord almost to the external inguinal ring; there appeared to be involve- 
ment of the urethra and perineum as well as of the rectum. The operative speci- 
men consisted of a mass of tissue measuring 14 by 13 by 11 cm. and weighing 950 
Gm. An inguinal lymph node on the right side was found to be enlarged and was 


excised during operation.'* 


17. The specimen, originally diagnosed as adenomatoid tumor of the epididymis, 
was contributed by N. B. Powell, M.D., Houston, Texas, to the Registry of 
Genito-Urinary Pathology. The case was reported by Powell and Powell, under 


the title of “Sclerosing Lipogranuloma of Testicular Adnexae.’ 
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Microscopic Examination.—The corium and the subcutis were seen to be replaced 
by a granulomatous process identical with that described in case 1. Sections from 
various portions of the large mass exhibited similar changes. The inguinal lymph 
node showed parenchyma extensively replaced by fat droplets of various sizes. 
This process appeared to extend from the marginal sinus into the central sinuses. 
Here, as in the subcutis, were densely packed spaces, some lined by endothelial cells 
or by syncytial giant cells of the foreign body type (fig. 28). Frequently there 
were groups of macrophages the cytoplasm of which was tremendously distended 
with fat droplets. Disintegration of such cells led to the formation of large fat 
globules usually surrounded by either endothelial cells or syncytial giant cells of 
the foreign body type. The lymphatic tissue was not significantly changed, and 
no tendency toward sclerosis was observed in any portion of the lymph node 


Stains for elastic tissue, iron pigment, reticulum fibers and fat gave results similar 


to those described previously 
Case 4 (AFIP accession 137855).—A 25 year old white man was admitted to 
the hospital in April 1945, with a tumorous enlargement of both testicles of two 
years’ duration Further history was not obtainable Two irregularly shaped 
pieces of tissue, measuring 6 by 4 by 2 cm. and 6 by 4 by 3.5 cm., were removed 
at operation. The tissue was firm in consistency and was composed of fairly well 
lobulated yellow-gray material Several cystic cavities in the smaller piece of 
tissue measured from 1 to 4 mm. in diameter and contained clear fluid. The speci- 
men was submitted with the diagnosis of “lipoma of the tunica vaginalis testis, 
showing fat necrosis.” 
pic Examination.—In both testes the process was of a lipogranulo 
haracter (fig. 2C and D Special stains and fluorescence study yielded 
sults to those described in case | 
AFIP accession 119798) % year old Negro man gave a previous 
intravenous medication for philis In September 1942, because of 
anitis, circumcision was done The healing of the wound was protracted 
seven months, and during three months of this time the patient received 
tic treatment Hypospadias developed during hospitalization He 
general good health until 1944, when he had suppurative inguinal 
without a penile lesion. Incision and drainage of the inguinal region 
ng, but soon again the glans penis became swollen and 
\fter a long and stormy history of repeated recurrences, he was again 
lanuary 1948 One testicle with attached spermiat cord, 3.5 cm 
was removed, in addition to a large, irregular mass of tissue, 5 by 4 by 
ed to the tunica vaginalis testis. On section numerous small cystic 
seen scattered through the scrotal tissue, which was w and firm 
Sections through the i d the spermatic c showed no 
litie The specimen was submitted with a diagnosis of “granuloma, 
msistent with adenomat 
lark field examinations : test gave negative results: 
s were seen in smear vahr nd Frei tests were positive 
ic Examination.—Disruption « taneous adipose tissue of the 
was associated with a lipogranulom 1s reaction like that described in the 
previous cases The results of the applicati f special stains and of the examina 
fluorescence were also similar 
AFIP accession 233871) 23 year old Negro man had had a mass 


the scrotal septum for years. It was not tender and had not increased 
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in size. In 1936 a gonorrheal infection had caused stricture of the anterior part 
of the urethra, for which external urethrotomy had been performed in 1937. In 
the same year he had also acquired syphilis, which was treated with arsenic and 
bismuth. The Kahn test was reported negative when he was admitted to the 
hospital in November 1948. 

The operative specimen consisted of a piece of firm tissue with a rough, irregu- 
lar surface, measuring 4 by 2 by 1.5 cm. On section a cystic cavity seen at one 
end measured 2 by 1 by 1 cm. and had a smooth gray lining. The contents had been 
lost when the cyst was opened. The remainder of the mass consisted of firm, partly 
yellow tissue, containing many small cysts, some of which were as much as 2 mm 
in diameter. 

Microscopic Examination—The normal subcutaneous adipose tissue was 
replaced by numerous cystic spaces of various sizes, lined by flat endothelium-like 
cells and giant cells of the foreign body type. The spaces were separated by 
septums made up of dense, partly hyalinized fibrous tissue. Accumulations of 
vacuolated macrophages were seen in many of the septums, and a few lymphocytic 
infiltrations were scattered through the tissue. The results of the application of 
special stains for fat, iron, elastic tissue and reticulum fibers and of the examination 
of the fluorescence characteristics of the fat were identical with those previously 
described. In phosphine 3 R preparations, however, the rims of some of the 
cystic spaces showed a pale silvery fluorescence 

Case 7 (AFIP accession 203942).'*—A 47 year old white man was admitted 
to the hospital in February 1948, complaining of difficulty in starting and stopping 
urination. He had been troubled by these symptoms for about twenty years, 
and fifteen years previously an operation had been performed in an attempt to 
correct the underlying condition. The urinary symptoms recurred about 1944 and 
were accompanied with pain in the left perineal area. Roentgenologic studies after 
a barium sulfate enema showed the rectum to be pushed to the right, apparently 
by a mass in the floor of the bladder, which did not seriously involve the rectal 
wall. A rather unsatisfactory cystogram gave the impression that there was a filling 
defect in the floor of the bladder. An intravenous pyelogram demonstrated a defect 


of the contour of the left side of the bladder superiorly, which was interpreted as 


the result of extrinsic pressure At operation a mass of tissue between the bladder 


and the rectum was removed in two pieces, in addition to several fragments includ 
ing both seminal vesicles, portions of the vas deferens and the prostate 
The gross specimen consisted of two pieces of tissue, measuring 5 by 2.7 by 
cm. and 3 by 1.6 by 1.4 cm., and four smaller pieces. Dense scar tissue was 
recognized about the seminal vesicles. Parts of the tissue were soft and yellow 
Vicroscopic Examination.—A lipogranulomatous process was present about the 
seminal vesicles. Stains made with oil red O, osmic acid and nile blue sulfate 
and fluorescence studies gave results identical with those reported in the previous 
cases 
AFIP accession 130565) 4 35 year old white man reported to the 
February 1945, because of scrotal enlargement \ year earlier he had 
he shower room, striking his scrotum against a step Three weeks 
later the scrotum had become painful and swollen, but the patient refused hospitali 


ration Later, swelling and discoloration of the skin of the penis appeared and 


18. This case was contributed to the Armed Forces Institute of Pathology by 
Thayer, M.D., pathologist of the department of pathology of the University 
nt College of Medicine, Burlington, Vt 
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became progressively worse. On admission the skin of the penis was mahogany- 
colored, and swelling of the foreskin prevented retraction. An elliptic mass of 
cartilaginous consistency, 6 by 4 cm., was present in the region of the median raphe, 
extending from the lower end of the scrotum to the base of the penis. A similar 
mass, measuring about 5 by 3.5 by 3 cm., lay just above the symphysis pubis 
Neoplasm was suspected, and biopsy was advised. Two pieces of tissue were 
removed from the indurated portion of the scrotum, and the diagnosis made was 
chronic inflammatory reaction and edema of undetermined origin.” The results 
of laboratory examinations at that time were within normal limits. The Kolmer 
and Kahn tests were negative 

Since the “tumor” continued to grow, nine months later the patient entered 
another hospital, where biopsy of both lesions was performed. A diagnosis of 
lymphangioma of the scrotum was made by the hospital pathologist. 

The patient was readmitted for operation several months later, and a mass 
extending from the corona to the base of the penis and into the adjacent scrotum 
was shelled out freely from the corpora cavernosa and the urethra. Plastic repair 
was attempted, but five days postoperatively a midshaft urethral fistula developed, 
which necessitated repeated grafts during the following year. The tissues removed 
at this operation consisted of two pieces, each measuring 8 by 5 by 1 cm., and seven 
smaller pieces of firm, pinkish white, smooth tissue. Microscopic studies at this 
time revealed a lipogranulomatous process. 

\ year after the attempted repair of the urethral defect the scar tissue over- 
lying the pubic area and binding the penis in the region of the suspensory ligament 
was excised This specimen consisted of three fragments of tissue, the largest 
one measuring 5 by 1 by 1.5 cm. Microscopic examination showed persistent 
recurrence of the lipogranuloma. Parts of these tissues, fixed in formaldehyde 
solution were analyzed chemically for liquid petrolatum in the department of chem- 
istry and physics at the Medical Department Research and Graduate School, Army 
Medical Center, because of suspected self injury. Only a minute amount of unsa 
ponifiable oil was extracted. No history of intrapenile or intrascrotal introduction 
of foreign substance was ever obtained. Four years after the original injury the 


patient was still in the hospital suffering from recurrences 


Vicroscopic Examination.—The tissues from the four operations performed 


during two and a half years of hospitalization showed a lipogranulomatous process ; 


the changes seen in successive specimens were almost identical. Special stains 
gave results similar to those described previously. In one section there had been 
sequestration of altered subcutaneous fat tissue followed by ulceration of the 
epidermis with expulsion of the sequestrums. In such area collections of polymor 


phonuclear granulocytes were common. While the eosinophilic matrix of the 
altered adipose tissue was relatively structureless, in the late biopsies occasional 
small cleftlike spaces suggested a crystalline lipid (fig. 3.4). Fat stains and studies 


of fluorescence gave results similar to those already described 


Case 9 (AFIP accession 235115) \ 60 year old white man was admitted to 
the hospital in October 1948, complaining of swelling of the left testicle and direct 
left inguinal hernia. The patient stated that he had been struck in the region of the 
left testicle eight or ten years previously, with subsequent swelling of the scrotum 
The swelling had partially subsided over a period of years, but the left testicle 
ad been a constant source of pain since the accident He also stated that the 
hernia had been more troublesome during the last few months On physical 


examination the left testicle appeared larger than normal and was painful to pal- 





Fig. 3.—A, slits of dissolved crystals, probably fatty acids, embedded in a hya- 
line matrix within the lipogranulomatous area. x 9). Case 8; AFIP accession 
130565 


B, dense scarring and hyalinization of stroma within a lipogranuloma of the but- 
tock. The fat globules are surrounded by concentric layers of hyaline scar tissue 
Some of the spaces are lined by small endothelial cells. x 100. Case 10; AFIP 
accession 1 36642. 

C, fat being transported by macrophages from the area of lipogranuloma into 
perivascular and perineural lymphatic channels. Foreign body giant cells sur- 
round the globules of fat x 100. Case 10; AFIP accession 136642. 
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pation. The epididymis was firm and greatly enlarged. In October 1948, left 
orchidectomy was performed, and the hernia was repaired. 

Grossly, the testis was atrophied, while the epididymis was greatly enlarged, 
firm and yellow-gray. Several small cavities were embedded in the dense, hyalinized 
fibrous tissue of the epididymis 

Microscopic Examination.—The sections showed a lipogranulomatous process 
in the tissues of the epididymis, with preservation of the tubules of the epididymis 
and atrophy of testicular tubules. The results of applying stains for fat, iron, 
elastic tissue and reticulum fibers were identical with those described in the previous 
cases, as were also the fluorescence characteristics. 


GLUTEAL REGION 


Case 10 (AFIP accession 136642).—A 53 year old white man had a mass in the 
left buttock. There was no history of an injection made into this area or of trauma 
The mass was resected. The specimen consisted of several irregular segments of 
firm, cartilage-like tissue, measuring from | to 2.5 cm. in greatest diameter. Some 
areas were opaque, yellowish and whitish; others appeared translucent 

Microscopic Examination.—Large areas composed of thick, dense fibers of 
collagenous connective tissue; often concentrically arranged, surrounded cystic 
spaces of various calibers (fig. 3B). While smaller spaces were usually lined by 
endothelial cells, the lining of larger ones often showed multiple foreign body 
giant cells. Eosinophilic debris was seen in some of the lumens. Accumulations 
of macrophages with finely vacuolated cytoplasm were scattered through the tis- 
sue. In the periphery of the sections the adipose tissue, although normal for the 
most part, contained occasional lymphocytic infiltrations and accumulations of 
macrophages, the latter most frequently encountered in the nutrient septums. Some 
of these macrophages had engulfed amorphous brown pigment. Fat had been trans 
ported by macrophages into perivascular and perineural lymphatic vessels (fig 
3¢ Elastic tissue stains demonstrated disruption of preexisting elastic tissue 
fibers crossing through the areas of reaction. The elastic tissue of the vessels was 
well preserved. Iron stains for blood pigment were entirely negative. Stains for 
reticulum fibers showed rather coarse and often condensed argentophilic fibers 


about large fat globules and surrounding the lining cells of cysts The fibers in 


rmal adipose tissue appeared unaltered. Osmic acid stained the fat cells 
und irregular black droplets were also scattered through the granulomatous 
Some of the cystic spaces were lined with homogeneous black material, 
gray granules were seen within the phagocytic cells. In nile blue sul- 

1s, the normal fat cells appeared orange-red to light purple, the abnormal 
lets stained dark purple to blue, and rims of orange and purple lined some 
larger cysts. Doubly refractive needle-shaped crystals and flat plates were 


seen within the masses of fat. In phosphine 3 R preparations all fat 


exhibited a silvery to pale fluorescence In nile blue sulfat® stains, the 


irple-stained fat globules presented an orange fluorescence, while the dark 

stained fat, the fatty contents of the cysts and small fat droplets did not 
fluorescence 

11 (AFIP accession 296605 \ 24 year old white man was injured in the 

amd the anal region by an exploding land mine in 1945. In 1948 he 

f a mass in the left buttock: the growth was excised. The gross speci 

1 of an irregular fragment of fatty tissue measuring 5 by 2 by 18 


sectioned, the fat tissue showed differences in color ranging from 
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pale yellow to deep orange; its consistency was hard and rubbery, and its texture, 
coarse. Occasional calcific concretions were noted in the tissue. A diagnosis of 
fat necrosis had been made by the submitting pathologist 

Microscopic Examination—-The changes were similar to those seen in case 
10. Occasional small crystalline "particles, doubly refractive, were lying in the 
debris within cystic spaces. Special stains and fluorescence studies gave results 
identical with those reported in case 10. A small amount of iron pigment was 
present 

Case 12 (AFIP accession 181134).—A 49 year old white man was admitted to 
the hospital because of a mass in the left buttock, of which he had been conscious 
for twelve years. It was not accompanied with pain but caused him considerable 
discomfort when he sat for a long period. No history of trauma or injection of this 
area could be elicited. The size of the mass had increased within the last few 
months. The “tumor” was excised. The surgical specimen consisted of a hard, 
irregularly shaped, encapsulated tumor, measuring 10.5 by 7 by 5 cm. and weigh- 
ing 120 Gm. On section dense fibrous septums were seen enclosing minute cyst- 
like structures and orange-colored adipose tissue. Occasionally the septums were 
of cartilaginous consistency and appearance (fig. 4 4). 

Microscopic Examination.—In this tissue the changes were essentially similar 
to those described in cases 10 and 11. Small calcium granules had been deposited 
within many of the cystic spaces. Evidence of activity of the lipogranulomatous 
process was seen in the adjacent fat tissue where collections of lymphocytes and 
macrophages surrounded altered fat cells (fig. 4B). Chemical studies revealed 
a moderate amount of an unsaponifiable fraction of lipoid. 

LIPOGRANULOMA OF AN EXTREMITY 

Case 13 (AFIP accession 209527).—A 27 year old white man sustained an 
injury to the right arm in 1945. A hard nodule developed and was excised three 
years later. The specimen removed at operation was comprised of skin tissue, 6 by 
2.5 cm., and a firm subcutaneous nodule, 4.5 by 5 by 2 cm. On section the nodule 
showed interlacing, firm, grayish white strands enclosing small lobules of soft 
yellow tissue resembling fat. No hemorrhage or necrosis was recognized. The 
mass was surrounded by tags of fat and muscle tissue. A lymph node was removed 
from the right supraclavicular region two weeks later. It measured 1 by 0.8 cm 
and was pink in color and homogeneous in structure. 

Microscopic Examination.—In these tissues the lipogranulomatous process was 
similar to that described in case 1. There was a great deal of necrosis of the dense 
stroma in the centers of the smaller fat lobules. The nutrient septums contained 
infiltrates composed of lymphocytes and vacuolated macrophages. Large cystic 
spaces lined by foreign body giant cells and surrounded by fibroblasts and macro- 
phages were commonly seen. The results of the use of special stains and fat 
stains and of fluorescence studies were identical with those already described 

Sections of the supraclavicular lymph node had groups of macrophages con- 
taining phagocytosed fat droplets scattered through the parenchyma. In the sub- 
capsular sinuses these accumulations assumed nodular proportions, often exhibiting 
central necrosis. Occasional cystic spaces surrounded by foreign body giant cells 
were also present. The structure of the lymph node was largely preserved, although 
somewhat distorted. There was no evidence of fibrosis. Stains for acid-fast organ- 
isms were negative. Because of lack of tissue, no special studies using fat stains 


could be made. The pathologic diagnosis was sclerosing lipogranuloma secondary 


to trauma, with fat being transported to a regional lymph mode 
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LIPOGRANULOMA OF THE ORBIT 


Case 14 (AFIP accession 239826) .*°—A 56 year old white man was admitted to 
the hospital in December 1948, because of a swollen right eye. A small “pimple” 
had developed in the right temporal region ten months previously; it gradually 
enlarged, and the patient consulted a physician. At that time the right eye was 
slightly swollen, but there was no pain and vision was not impaired. A mass 
removed from the right orbit in the latter part of March was diagnosed as lipo- 
granuloma. The eye remained swollen for a few weeks, then returned to normal 
and temporarily ceased to give trouble. 

In October 1948 an aching pain developed in the right eye and right temporal 
region; the eye became swollen, red and edematous. The vision of the affected 


Fig. 5.—Lipogranuloma of right orbit producing exophthalmos with swelling 
and reddening of the lids. Case 14; AFIP accession 239826. (Courtesy of United 
States Marine Hospital, Baltimore.) 


20/50, and motion was limited in all directions almost to the point of 


eve was 
immobility. The fundus showed frank papilledema. There were no other pertinent 
findings. The blood count was within normal limits; Kline and Kahn tests were 
negative. Roentgenograms of the skull demonstrated haziness about the right 
orbital region. Edema of both lids and exophthalmos of the right eye (fig. 5) 
became so pronounced that orbital decompression was performed on Jan. 7, 1949, 
in an attempt to save the function of the eye. The tissue behind the eyeball con 
sisted of firm, granular fat. Some of this was removed, and the wound was closed ; 


19. This case was contributed by Dr. C. H. Binford, Senior Surgeon and Chief 
of Pathology, and Dr. Walter P. Giffey, Senior Surgeon, E.E.N.T. Service, United 
States Marine Hospital, Baltimore 














{, disruption of orbital fat tissue with peculiar hyalinization and 
necrosis of septums of fat cells. Infiltrates composed of lymphocytes and macro 
phages are evident within the septums x 185. Case 14; AFIP accession 239826 

Weber-Christian disease of several years’ duration; biopsy nodule from the 
right thigh. Note local destruction of fat tissue adjacent to fibrous connective 
tissue septum, infiltrations of lymphocytes and macrophages about the disrupted 
adipose cells and the formation of foreign body giant cells. x 75 AFIP acces 
sion 196550 

C, lipid pneumonia presumably due to aspirated liquid petrolatum, duration 
unknowt! Pulmonary alveoli have been completely effaced by spaces which con 
tain fat and are lined by endothelial cells and foreign body giant cells, surrounded 
by dense, hyaline scar tissue. In elastic tissue stains, fragments of the elastic tissue 
fibers are present within these fibrous septums < 160. AFIP accession 179492 


pelvic lipogranuloma following uterosalpingography with iodized oil 
Macrophages laden with fat droplets are seen in various stages of preservation 
Disintegration of lipophages has occurred, with confluence of liberated lipid and 
formation of cysts lined by foreign body giant cells. Lymphocytic infiltrates are 
scattered about x 185 AFIP accession 195287 


10 
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a small, wide drain was inserted for the first forty-eight hours. Postoperatively, 
the patient became symptom free, but to date there has been no perception of light 
in the right eye. The motion of the globe is returning but is still notably limited 
in all directions 

Che operative specimen consisted of fragments of tissue, the largest 1.5 cm. and 
the smallest 7 mm. in diameter. All were fairly firm in consistency and brownish 
white 

Vicroscopic Examination—A lipogranulomatous process involved the retro- 
orbital fat tissue (fig. 6.4). Lymphocytic infiltrations extended into the neighbor- 
ing muscle tissue as well as throughout lobules of the lacrimal gland present in the 
sections. The special stains and fat stains gave results similar to those observed in 
other cases of lipogranuloma. There was pale silvery fluorescence of the fat in 
phosphine 3 R preparations, and golden fluorescence of the fat in nile blue sulfate 
stains 

SUMMARY OF OBSERVATIONS IN THE CASES OF SCLEROSING 
LIPOGRANULOMA 

In the 9 cases reported, lipogranuloma of the genital region occurred 
in men between the ages of 20 and 60. Seven patients were white per- 
sons and 2 were Negroes. The duration from onset to operation varied 
from five weeks to eight years. The scrotum was involved in 3 instances, 
the penis in 2, the scrotum and penis in 2, and the epididymis and the 
perineum in 1 case each. 

\ history of physical trauma was recorded in 3 cases, and cutaneous 
lesions of an inflammatory nature had been present in 3 others; in 3 


cases there was no history of injury. The difficulty of correct clinical 


appraisal is apparent in the variety of clinical diagnoses assigned to cases 
in this group. The following clinical diagnoses were recorded: swelling 
of the penis; fibrous mass of the penis; invading tumor of the epididy- 
mis; tumors of both testes; scrotal mass, possibly lymphogranuloma 
inguinale ; tumor of the left scrotum; mass or abscess in perineal tissue ; 
scrotal tumor; seminoma of the left testicle, with early metastasis 

Pathologic diagnosis presented equal difficulties, to judge from diag- 
noses arrived at by the pathologists who made the original examinations. 
These comprised inflammatory granulomatous tissue; fat lymphangi- 
omatosis ; adenomatoid tumor of the epididymis ; lymphoma of the tunica 
with marked secondary changes; lymphangioma of the scrotum; lipo- 
granuloma of the seminal vesicles and vas deferens; chronic inflamma 
tory reaction with edema of the scrotum of undetermined origin (in 
another hospital the condition was diagnosed as lymphangioma of the 
scrotum) ; chronic epididymitis with hyalinization 

The lesion of the right arm was clinically diagnosed as “tumor,” 
and the pathologic diagnosis was “fat necrosis, traumatic, old.” The 
clinical diagnosis of the lesion of the orbit is not known. The pathologic 
diagnosis was lipogranuloma 

In most cases the process persisted for a considerable time, and in 


no case was there complete spontaneous healing even after many years. 
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In cases 3 and 13 fat was being transported by macrophages into regional 


lymph nodes 

The lesions of the tissues of the buttocks and of the right arm were 
similar in character to those observed in the genital region, although 
the sclerosis was far more pronounced in the lesions of the buttocks 
In all cases there was disruption of preformed elastic tissue fibers with 
coarsening of argentophilic fibers, probably due to condensation. For- 
mation of either elastic tissue fibers or reticulum fibers was never 
observed within the granulomatous areas. In only one lesion was iron 
pigment demonstrated, and there the amount was minimal. In fat 
stained with nile blue sulfate, the altered material showed tints differ- 
ing from that of normal adipose tissue. Osmic acid failed to blacken 
the altered fat in most instances, but normal adipose cells showed the 
usual reaction. Color differences were not observed between various 
types of fat stained with oil red O or sudan III. 

While normal fat tissue exhibited a brilliant silvery fluorescence in 
phosphine 3R preparations, the altered fat within lipogranulomatous 
areas exhibited none except in case 10, in which there was yellow 
emitted light. Fluorescence of a pale silvery character was also seen 
about the periphery of some of the pathologic fat globules in case 6. 
In nile blue sulfate stains, silvery yellow fluorescence of abnormal fat 
was encountered in all cases except case 10. Fluorescence of altered 
fat in mounted unstained frozen sections was not observed. No signifi- 
cant amount of unsaponifiable material, suggestive of foreign oil, was 


demonstrated in chemical studies of any of the lesions 


LIPOGRANULOMAS OF MISCELLANEOUS ORIGIN 


For comparison, lesions observed in representative cases of fat 
necrosis of the breast, relapsing nonsuppurative nodular panniculitis 
(Weber-Christian disease), lipid pneumonia, and peritonitis following 
introduction of iodized vegetable oils for uterosalpingography are briefly 
presented 

Fat Necrosis of the Breast.—Early and late stages of fat necrosis 
of the breast were studied in 2 cases. The. rather well circumscribed 
areas of infiltration with suggestion of central disintegration, the pres- 
ence of polymorphonuclear granulocytes and iron pigment tended to 
distinguish the lesions observed in acute fat necrosis of the breast from 
those in sclerosing lipogranuloma. In the later stages a well defined, 
encapsulated cavity containing fatty debris, blood pigment, cholesterol 
crystals and fat-laden phagocytes was seen—altogether different from 


the picture of sclerosing lipogranuloma.’ 
20. (a) Stulz, I Diss, A., and Fontaine, R Bull. et mém. Soc. anat. de 
Paris 93:505, 1923. (bh) Hadfield, G.: Brit. J. Surg. 18:742, 1926. (c) Roffo, 
A H Ann. d'anat. path. 2:56, 1925 1) Hadfield, G Brit. J. Surg. 17:673, 
1930 *) Emanuel, A. A Did méd. 16:1486, 1944. (f) Lee and Adair.14 
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Relapsing Nonsuppurative Nodular Panniculitis (Weber-Christian 
Disease ).—The lesions were studied in 2 cases in which the diagnosis of 
Weber-Christian disease was entertained because of the clinica! history 
and the appearance and multiplicity of the lesions. Histologically, the 
predominant changes appeared to be localized in the larger septums of 
the adipose tissue, extending but slightly into the fat lobules (fg: 6 B) 
However, the microscopic changes were so similar to those seen in 
sclerosing lipogranuloma of “traumatic” origin that no decision as to 
the nature of the process could be made on histologic grounds alone. 


“ 


In one of the cases there was calcification in the walls of “oil cysts.” 
In fat stains the disrupted adipose tissue did not blacken with osmic acid 
and showed tints varying from pink to purple and blue in nile blue 
sulfate stains. In the case of early fat necrosis there was silvery 
fluorescence of all fat in phosphine 3 R preparations, and in both cases, 
golden fluorescence in nile blue sulfate stains. 

Lipid Pneumonia.—In 2 cases the changes produced in the lung 
tissue by iodized poppyseed oil instilled into the bronchial tree one and 
a half and two months previously were studied. The changes were 
compared with those occurring in lipid pneumonia secondary to probable 
aspiration of liquid petrelatum of moderate and long duration. The 
droplets of poppyseed oil were found to be phagocytosed by macrophages, 
which carried some of them into tissue spaces and lymphatic channels of 
alveolar septums. There was no fibrosis that might be attributed to the 
intra-alveolar presence of the oil. Osmic acid did not blacken the oil 
droplets; they stained dark purple in nile blue sulfate stains. All 
droplets were doubly refractive under the polarizing microscope and 
showed a golden fluorescence in both phosphine 3 R and nile blue sulfate 
preparations 

Pulmonary changes following instillation of iodized oils have been 
observed previously ** and have been produced experimentally.** Unto- 
ward reactions have also been reported.** 

In the early stages of lipid pneumonia, presumably due to aspiration 


of liquid petrolatum, the microscopic picture was one of alveoli crowded 


with phagocytic macrophages holding oil droplets of varying sizes and 


of these cells migrating into alveolar septums.** In the later stages the 


21. Brody, H Arch. Path. 3§:744, 1943 

22. Chesterman, J. T J. Path. & Bact. 54:384, 1942. Pinkerton.*4 

23. Radcliffe, W Brit. M. J. 2:128, 1942. Rutherford, P. S Canad 
M. A. J. 50:361, 1944. Mahon, G. S J. A. M. A. 180:194, 1946. Kooperstein, 
S. I., and Bass, H. E Am. J. Roentgenol. 56:569, 1946 

24. (a) Pierson, J. W J. A. M. A. 98:1163, 1932. (b) Saenz, A., and 
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alveolar structure of the lung was almost completely effaced by dense, 
hyaline fibrous tissue, containing fat spaces which were often surrounded 
by foreign body giant cells ** (fig. 6C). Osmic acid failed to blacken 
the oil, The entrapped material showed a pale orange-rose tint in nile 
blue sulfate stains. Fragments of elastic tissue fibers, presumably 
remains of former alveolar septums, were demonstrated in elastic tissue 


stzins 


No fluorescence was elicited in phosphine 3 R preparations, 


but a brilliant silvery fluorescence was encountered in nile blue sulfate 
stains. Chemical analysis failed to reveal liquid petrolatum 

Except for the greater extent of the fibrosis in the older cases, the 
changes in the lungs were regarded as essentially similar in all instances. 

Pulmonary lesions produced by sclerosing lipid pneumonia may be 
difficult to distinguish from carcinoma in single roentgenograms,”’ and 
in questionable instances aspiration biopsy may be indicated.” 

Pulmonary changes following intraperitoneal injection of liquid 
petrolatum were reported by Policard.** In some instances of lipid 
pneumonia an endogenous origin has been proposed.*° 

Pelvic Lipogranuloma.—The reaction of the pelvic peritoneum to 
iodized vegetable oil introduced into the uterus for the purpose of 
uterosalpingography was observed in 2 cases. Clinically, there were 
symptoms of chronic adhesions of the pelvic peritoneum, producing 
abdominal pain. At operation, grayish white nodules, from 0.5 to 1 cm. 
in diameter, were found in the mesentery and the omentum as well as 
on the surface of the perietal pelvic peritoneum. Some of these nodules 
were cystic. Massive adhesions of adnexa and pelvic peritoneum were 
present in one case, and enlarged lymph nodes were felt in the mesentery 
in the other 

The histologic examination showed granulomas composed of fat- 
laden macrophages, lymphocytes and foreign body giant cells (fig. 6D). 
There were cystic spaces containing fat and surrounded by foreign body 
giant cells, and fibrous tissue showing extensive calcification. The 
mesenteric lymph nodes exhibited parenchyma partially replaced by 
fat-laden macrophages. No iron pigment was demonstrated. The dis- 


ruption of elastic tissue fibers and the condensation of reticulum fibers 


25. Ikeda.*® Graef.*® Freiman and others.*! Saenz and Canetti.2*® Castex 


and others.?*4 
Mook, W. H., and Wander, M. G Arch. Dermat. & Syph. 1:304, 1920 
27. Brown, A. L., and Biskind, G. R 1. A. M. A. 17:4, 1941. Lepennetier, 
I Vibert, 1.; Morin, G., and Chambonnet, P J. de radiol. et d’électrol. 26:92, 
1944-1945 Ikeda.“* Graef.*® 
28. Nathanson, | Frenkel, | and bi, M Arch. Int. Med. 72:627, 
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were similar to those features in sclerosing lipogranuloma. All fat 
droplets stained brilliantly red with oil red O, but did not blacken with 
osmic acid. In nile blue sulfate stains most of the oil took a pale rose 
tint; purple and occasional blue-gray hues were also seen. Phosphine 
3 R did not produce fluorescence, but silvery yellow and orange fluores- 
cence was encountered in nile blue sulfate stains. There was no double 
refraction of the oils under the polarizing microscope. 

Pulmonary complications were not observed, although they are 
apparently quite common.” 


A reaction of the peritoneum induced by liquid starch, which is com- 
parable to lipogranuloma, was described by Whitaker, Walker and 
Canipelli.** 

Experimental Lipogranuloma.—Experimental lipogranulomas have 
been produced with various lipid substances, such as liquid petrolatum,"* 
vegetable oil,** camphorated oil * and animal oil." However, Weidman 
and Jefferies ** were unable to produce “oil tumors” in a monkey by 
injecting olive or cottonseed oil. These investigators observed “metas- 
tases” of “paraffin oil” tumors in lymph nodes and attributed the 
absence of fibrosis and lymphocytic inflammatory reactions about these 
“metastases” to the passive storage of oil in the nodes. Interesting 
observations were made with labeled oils by Binet,*** who followed the 
spread and fate of the injected oils within the tissues. Burrows and 
Johnston ** speculated on the relationship of oil and cancer. Granu- 
lomatous lesions of the livers of rats due to the presence of lecithin after 
treatment with carbon tetrachloride are reported by de Senarclens.** 


THE HISTOGENESIS OF SCLEROSING LIPOGRANULOMA 


The histologic study of the lesions in the cases presented revealed 
definite disruption and alteration of the usual structure of the fat lobules 
of the subcutaneous adipose tissue even in the earliest phases observed. 
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The normal fat cells were replaced by fat globules of varying sizes, 
sometimes smaller but often much larger than the original structures. 

In the peripheral portion of the fat lobules, farthest removed from 
the nutrient vessels, the intercellular septums showed a peculiar hyaline 
necrosis, often affecting only a few cells. Sometimes, however, the 
necrosis was so extensive that only islets of living cells remained about 
the nutrient vessels (fig. 7.4). This process was accompanied with 
swelling and thickening of affected septums, with disintegration of nuclei 
of stromal cells as well as of fat cells (fig. 7B). Fat droplets liberated 
from fat cells by disruption of the necrotic septums frequently coalesced 
and formed globules of considerable size (fig. 7C). Tiny droplets were 
also commonly seen in the necrotic and hyalinized septums. Pyknotic 
nuclear dust, representing former nuclei, was scattered through parts of 
the eosinophilic hyaline substance (fig. 7B). This material resembled 
fibrinoid but took the stain for collagen and appeared to be related to 
and connected with adjacent, obviously viable septums. The double 
refraction of collagenous fibers in the septums about normal fat cells was 
either diminished or completely absent in these altered portions. There 
was, however, no focal inflammatory reaction. The adipose cells were 
apparently replaced by fat globules, which often were surrounded by 
continuous rows of spindle-shaped nuclei or by giant cells of the foreign 
body type, and thus were separated from the intercellular stroma (fig. 
8A Macrophages, usually distended with fat droplets of varying sizes, 
were conspicuous about the nutrient vessels of the fat lobules, but were 
also dispersed through the affected tissues (fig. 8B). The cytoplasm 


of such cells was reduced to thin, fragile webs surrounding the phago- 


cvtosed droplets; these delicate filaments frequently exhibited disruption 
(fig. 8 C), liberating the phagocytosed fat droplets, which again tended 
to coalesce into fat globules. Some of the macrophages, however, 
succeeding in transporting the fat debris into perivascular and perineural 
lymphatic vessels (fig. 3C), and a few finally reached regional lymph 
nodes (fig. 2B) 
Focal lymphocytic infiltrations were usually present, but poly- 
worphonuclear granulocytes, plasmacytes and eosinophilic granulocytes 
either absent or inconspicuous. Globules and masses of free fat 
ne entrapped by the proliferating fixed tissue elements forming 
ctive tissue, which later matured into rather dense, hyaline scar 
tissue (fig. 8D). Preexistent elastic tissue fibers within the affected 
areas were disrupted, but those of the vessels outside the lesions appeared 
unaltered. The argentophilic reticulum fibers in the septums between 


the fat cells were disrupted and condensed and, especially in the later 


tages, were replaced by collagenous connective tissue fibers showing a 
tendency to hyalinization. Single, continuous argentophilic fibers, how 


evet ften still surrounded the individual spaces which had contained 





Fig 


{, necrosis of adipose tissue in the periphery of fat lobules. Note 


tissue about nutrient vessels of septums. Lymphocytes and macrophages have infil 
trated the area about the nutrient vesse!s. There is disruption of adipose cells in 


the per 


f 


iphery of the lobules with confluence of the liberated fat, forming large 
globules 75 565 


75. Case 8; AFIP accession 130565 


necrosis of intercellular septums of adipose tissue. Note the nuclear dust 


within the necrotic tissue. Fat is being liberated from the damaged adipose cells 


395 


septums 


Case 1; AFIP accession 198745 


of adipose cells with liberation and confluence of fat, forming 
and small cystic spaces. There is breaking up of the thin fibrous 
vetween the fat globules 125. Case 1; AFIP accession 198745 
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Fig. 8.—A, adipose cells being replaced by fat globules, which are surrounded 
by flat endothelial cells and foreign body giant ceils. Note the fat-laden macro- 


phages and fibroblasts between the fat globules. x 750. Case 1; AFIP accession 


198745 

B, lipophages distended by fat droplets to the point of rupture. Newly liberated 
yplets have collected into globules, which are surrounded by endothelial cells 
515. Case 1; AFIP accession 198745 


fat dr 
and foreign body giant cells . 
lipophages distended by phagocytosed fat droplets in various stages of preser- 

Liberated fat droplets have coalesced into globules surrounded by foreign 
750. Case 1; AFIP accession 198745 


4 
vation 
body giant cells. x 
D, end stage of lipogranuloma with extreme sclerosis and scar tissue entrap- 
ment of fat droplets. Endothelial cells and foreign body giant cells surround the 
fat droplets x 350. Case 2: AFIP accession 190183 
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fat. No hemosiderin pigment was found in the granulomatous areas 
in the cases of series 1, whether or not the history was that of preceding 
physical trauma. 

\lthough there were indications of a profound change in the sub- 
cutaneous fat, the nature of this transformation was by no means clear, 
and no informetion concerning it was gained from sudan and oil red O 
preparations, since these stains do not differentiate between fats of 
different types. In most lipogranulomas some chemical changes were 
recognized tinctorially by the failure of the fat to blacken with osmic 
acid and by the various tints observed in nile blue sulfate preparations, 
differing from the reddish purple of the “natural” fat contained in cells 
of the normal subcutaneous adipose tissue. There was also loss of 
fluorescence in altered fat tissue in phosphine 3 R preparations. How 
ever, the problem of interpreting these qualitative changes correctly and 
translating them into biochemical reactions is difficult. 

Needle-shaped crystals suggesting the presence of fatty acids were 
not recognized in the early stages of any of the lipogranulomas, although 
formation of fatty acids and soaps was often suggested by tinctorial 
reactions 


THE PATHOGENESIS OF SCLEROSING LIPOGRANULOMA 

Sclerosing lipogranuloma can be defined as a local reactive process 
following injury to adipose tissue. The chain of events leading to this 
particular reaction, however, is by no means clear, and there are probably 
a number of different etiologic factors initiating the changes which result 
in histologically similar reactive processes. The clinical picture of 
Weber-Christian disease, for instance, with its febrile, relapsing course 
and the disseminated, nodular distribution of panniculitis, suggests a 
systemic disease of inflammatory nature, quite in contrast to that of 
sclerosing lipogranuloma, in which the primarily local reaction is, in 
some way, related to regional injury. Yet the histologic similarities of 
these lesions are striking, and the changes observed in both can, in turn, 
be mimicked by the tissue reaction to the artificial introduction of lipoid 
materials. This would suggest that the tissue reaction is dependent on 
the presence of a mildly irritating, unphysiologic lipoid substance derived 
from either an endogenous or an exogenous source." Although much 
stress has been laid on the formation of fatty acids and soaps from 
neutral fats subsequent to the action of a lipase, there is as yet no incon- 
testable evidence of the actual occurence of such a transformation or of 
its possible relationship to the differences between lipogranulomas of 
different origin. It has been assumed that lipase either derives from 
injured fat cells, from which it is liberated during the disruption of the 
tissue, or is carried to the injured area by the blood stream. Crystals 
and amorphous material, compatible in appearance with fatty acids and 
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soaps, have often been observed in human tissues showing fat necrosis,”* 
and in animal tissues after artificial production of comparable lesions.** 
However, caution must be exercised in the interpretation of these 
crystals, as crystallization of neutral fats can occur during fixation.” 
Basing their interpretation on the staining reaction of fats and 
products of hydrolysis to nile blue sulfate, Lecéne and Moulonguet ** 
insisted that the intracellular transformation of neutral fats into fatty 
acids and soaps constituted the primary and basic factor preceding the 
tissue reaction to traumatic fat necrosis. While the occurrence of the 
tinctorial phenomena which they described is not disputed, their inter- 
pretation of them as a reliable histochemical expression of the evaluation 
of saponification is perhaps too enthusiastic. The fact that the lesion in 
their case, which is depicted as showing the color changes of fats in nile 
blue sulfate stains, belongs in the group of old lesions detracts from the 
force of their argument. The absence of the violent tissue reaction 
usually attributed to the presence of highly irritating fatty acids and 
soaps speaks for itself. In addition, artificially introduced fats and oils, 
for which the body probably has no effective lipases, produce a reaction 
essentially similar to lipogranuloma or fat necrosis. This occurs in the 
absence of necrosis of tissue, indicating that these foreign substances 
themselves, despite assumed inertness, exercise an irritating action on 
tissues which eventually leads to fibrosis. The highly irritating action 
of products of hydrolysis and saponification of fats is, of course, well 
known; their presence, importance and action are manifested in pan- 
creatic fat necrosis, accounting for the intensity of the dssue reaction 
seen in this condition ** following the introduction of animal oils and fats 


and some of the vegetable oils.“ There appears to be a definite relation- 
ship between the chemical nature of the lipid material and the cellular 


response." 


Che question arises whether the intracellular saponification, proposed 


by Lecéne and Moulonguet, precedes the necrosis of fat cells and stroma 


%. (a) Fabyan, M Bull. Johns Hopkins Hosp. 18:349, 1907. (b) Bayer, 
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39. Flexner, S ]. Exper. Med. 2:413, 1897 
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or is dependent on it. In either case the persistence of the process is 
remarkable, and it is this feature which distinguishes the lipogranuloma 
from reparative reactions of tissues other than fat. Evidence of activity 
and progressive sclerosis was observed as long as twelve years after 
onset (case 12 fig. 4B). Although there is undoubtedly a standard 
inflammatory component following acute necrosis of any tissue, including 
fat, the lipogranulomatous process continues long after a lesion produced 
by comparable injury to other tissues would have healed. 

The persistence and progression of the lipogranulomatous process 
are difficult to understand. If hydrolysis and saponification of fats were 
responsible for the tissue reaction, one would expect resolution after a 
reasonable period. Some of the fatty acids are soluble and can be 
absorbed, whereas insoluble ones frequently form soaps and may be 
deposited as calcareous materials. Although calcification does occur,“ 
it is certainly not an essential feature of the traumatic lipogranulomas 
in this series. 

Instead of diminution of abnormal adipose tissue there is often an 
actual increase. Sometimes the process extends into neighboring areas, 
causing changes identical with those seen in the original lesion. It is 
this feature which in the absence of significant clinical signs of an 
inflammatory reaction suggests a neoplastic growth to the surgeon.” 
In a few cases there may be local recurrence ** (case 8). The occasional 
noninflammatory enlargement of regional lymph nodes, caused when 
macrophages transport fat from the lipogranuloma, sometimes gives the 
clinical impression of a metastasizing growth. 

Whether the persistence and apparent progression are due to a focal 
cyclic biochemical process, secondary to the local disturbance of tissue 
metabolism, is not known but is possible. It may be that it is compar- 
able to the effects of lecithinase, as suggested by Hoffmann and Hoff- 
mann.** On the other hand, why do substances such as liquid petrolatum 
or vegetable oils, for which there are no known specific enzymes in the 
body, cause lesions similar to the lipogranulomatous reaction which 


supposedly follows hydrolysis of endogenous animal fats? (For oppos- 
ing views, see Walther ** and Roger and Binet **). If soap formation 
and calcification follow splitting and hydrolysis, why do they occur after 


introduction of vegetable oils (for example, pelvic lipogranuloma) but 
rarely after alteration of endogenous adipose tissue? If fatty acids 
formed by hydrolysis represent highly irritating breakdown products 
of fats, why is there no purulent tissue reaction in lipogranuloma com- 
parable to the reaction following artificial introduction of vegetable oils 


42. Shattock.6 Abrikossoff.*¢ Goldzieher.**¢ Skorpid and Uldrich.*'» 

43. Hoffmann, F., and Hoffmann, E. J.: cited by Foldes, F. F., and Murphy, 
A. J.: Proc. Soc. Exper. Biol. & Med. 62:218, 1946 

44. Roger, H., and Binet, L.: Presse méd. 30:277, 1922 
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with a high fatty acid content, or of animal oils? Why is there no 
reaction and consequent sclerosis to fat or oil transported into lymph 
nodes from areas of lipogranuloma? A satisfactory explanation of these 
as yet poorly understood reactions will undoubtedly be provided by more 
exhaustive studies of the biochemical processes involved in the alteration 
of lipids.* 

Histologic studies of natural and artificial lipogranulomas of the 
various types lead to the impression that the phagocytes which remove 


the altered fat by transporting it from the areas of disorganized and 


disrupted adipose tissue constitute by far the most important means of 


defense, especially during the early stages. This mechanism, however, 
is not entirely adequate and effective, since it is succeeded by the appear- 
ance of foreign body giant cells and the formation of scar tissue walling 
off the affected areas. Obviously, the body cannot cope with this situ- 
ation except by phagocytosis, transportation of the damaged material, 
foreign body reaction and segregation of the diseased tissues 

The extent of the reaction often seems out of proportion to the 
intensity of injury, and the end result of the lipogranulomatous process 
differs materially from that following a comparable injury of other 
tissues \ctual histologic evidence of direct physical mjury ts either 
absent or negligible: There is neither hemorrhage nor deposition of 
hemosiderin pigment indicating former hemorrhage nor disruption of 
tissue Absent also is the reaction characterized by the presence 
of polymorphonuclear granulocytes, exudation of fibrin and banal gran- 
ulation tissue formation, which usually follows physical trauma. For 
these reasons it is suggested that the lipogranulomatous reaction 
represents a specific process which follows its own course and has its 
distinct clinical and pathologic significance 

Concerning the causative mechanism leading to the formation of 
lipogranuloma, a number of views have been expressed by different 


writers. Hemorrhage following the trauma, with blood lipase subse 


} | 


quently acting on traumatized fat, has been proposed by Lecéne and 
Moulonguet'* as a possible cause; the same authors and several other 
investigators” also suggested local ischemia. In general, trauma of 


varying nature and intensity ranks prominently as the proposed initiating 
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W.R Physiol. Rev. 19:557, 1939. Bull, H. B Cold Spring Harbor Symposia 
m Quantitative Biology, Cold Spring Harbor, L. L, New York, The Biological 
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factor.** <A history of contusion,’ a blow,’ a bump against a pointed 
object,"* a bite,” or an animal's kick,"” a hard push,* to mention but a 
few, are frequently encountered. Other physical injuries recorded are 
as follows : hypodermoclyses with saline solution,'** injections of various 
kinds,** e. g., of insulin,’® application of an ice pack,“ exposure to cold °° 


» instrumental 


or heat,’ diathermy applications,"*® radium treatment,’ 
delivery, operations * and scars after burns.'** Multiple lipogranulomas 
developing in the wake of trauma were reported by Harbitz."* Consti- 
tutional and endocrine factors were invoked by Makai™ and Gold- 
zieher.“* Experimental lesions produced by squeezing and pinching were 
reported by Berner,** Heyde® and Farr.’ On the other hand, the 
absence of a history of trauma does not necessarily exclude this factor, 
since physical injury as slight as that recorded in some of the cases 
would ordinarily be forgotten unless immediately followed by a con 
spicuous lesion."*” 

The cause of adiponecrosis neonatorum appears uncertain,”* although 
it has often been related to traumatic ischemia of subcutaneous tissues 
incurred in prolonged labor, sometimes complicated by instrumental 
delivery The large variety of other suggested contributory factors, 
such as the special chemical constitution of the subcutaneous fat tissue 
‘ 


of the newborn," the influence of cold,"* age,** degree of adiposity,” 


change in tissue colloids,’ toxic influences ™ and congenital disturbances 
in fat metabolism,®* emphasizes the divergent views of investigators 


concerning this interesting condition 
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The relationship of injury to fat tissue and calcinosis of the skin and 
subcutis is likewise not clear.** It is possible that Whuipple’s disease °° 
represents a local disturbance of fat metabolism with unusable lipids 
being deposited in the intestinal wall, lymph nodes and mesentery 

\ number of miscellaneous lipid diseases reported in the literature ™ 
await further study and explanation 

In addition to physical injury, there is ample evidence that an 
inflammatory process in the subcutaneous fat tissue can produce a lipo- 
granulomatous reaction which microscopically is indistinguishable from 
that following physical injury. The lesions observed in relapsing non 
suppurative nodular panniculitis (Weber-Christian disease) and in other 
conditions described by various authors under different names * prob- 
ably belong in this group. A relationship to nerve lesions was suggested 
by Pfeifer." Local toxic influences on the adipose tissue bringing about 
destruction and consequent lipogranulomatous reaction are proposed by 
the Russian writers of the Abrikossoff school.* Gilchrist and Ketron,* 
Whitfield,“ ® Weber *: * and Christian ** ‘ hold that endogenous agents, 
toxins, drugs,” vaccinations,"* bacteria, chronic focal infections ** and 


** are to be seriously considered as pathogenetic factors, 


allergic reactions 
although the actual role of any of these factors has never been proved 
However, it seems plausible that local shock can produce temporary 
ischemia, perhaps from spasm of arterial vessels, thus upsetting a chain 
of metabolic events. The fact that the early necrosis is localized in parts 
of the fat lobules farthest away from the nutrient vessels, the source of 
blood supply, does indeed suggest the possibility of ischemia as one 

causative factors. The point of attack may be the same, even if 

the trigger mechanism, is secondary to physical injury, inflam 


mation, imtoxications, allergic reactions or other activities as yet 


unknown. It might be pointed out here that an inflammatory process 
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accidentally extending into fat lobules does not constitute a lipogranuloma 


It is the peculiar tissue reaction following injury to adipose tissue itself 
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In summary, no uniformly applicable causative factor can be blamed 
for the development of the heterogeneous group of lipogranulomas 
despite the histologic similarity of the lesions and a possible similarity 
of the mechanisms of development. 


CONCLUSIONS 
Sclerosing lipogranuloma is a reactive process which sometimes 
follows injury to subcutaneous fat tissue. 
The injury of the adipose tissue may be of varying character and 
probably sets off the reaction only by interfering temporarily with the 
local blood supply and fat metabolism. 


Physical disruption and hemorrhage are not necessary to the develop- ° 


ment of sclerosing lipogranuloma. 

The assumption that formation of fatty acids is essential in the 
genesis of lipogranuloma is probably erroneous: The character of the 
reaction does not suggest the presence of such highly irritating sub- 
stances; moreover, the type of reaction following the introduction of 
liquid petrolatum and vegetable oils is identical with that seen in “trau- 
matic” lipogranuloma, although the body probably does not possess 
lipases for these exogenous substances. 

Spontaneous healing of lipogranuloma is extremely slow, since the 
only effective means of disposal of fats altered by injury are phago- 
cytosis and transportation or the walling off and segregating of the 
affected from unaffected areas. 

Local tissue reaction of this type suggests a profound change in the 
constitution of fats, brought about in consequence of injury, rendering 
them unsuitable for further metabolic use. 

Sclerosing lipogranuloma represents a specific reaction to an 
unspecific injury and follows a distinct course which differs from that 
of the reaction following injury to other tissues. 

The effects produced by sclerosing lipogranuloma on the body as a 
whole depend on the location of the process and the possibility that the 


function of structures situated in the affected areas may be interfered 
with 


The only treatment known to influence the course of sclerosing 
lipogranuloma is the complete surgical removal of the involved tissues. 

“Traumatic” sclerosing lipogranuloma is related to, but may be 
distinguished from, traumatic fat necrosis of the breast, relapsing non- 
suppurative nodular panniculitis, adiponecrosis neonatorum, lipid 
pneumonia, pelvic lipogranuloma caused by iodized oils injected for 
uterosalpingography, and other artificial lipogranulomas. 
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ACCURACY OF SAMPLING BY NEEDLE BIOPSY IN 
DIFFUSE LIVER DISEASE 


SHELDON S. WALDSTE’N, M.D 
AND 
PAUL 8. SZANTO, MD 
CHICAGO 


EEDLE biopsy of the liver has been used in recent years for 

diagnosis and for evaluation of treatment. Its use has been 
based on the premise that in diffuse disease of the liver the small 
cylinder of tissue which is obtained through the bore of the needle is 
representative of the entire liver. It has been realized, of course, that 
such biopsies can be expected to afford accurate information only in 
cases of diffuse disease and not in those in which the lesion is focal,? 
ind a proper interpretation depends on obtaining a part of the focus 
of disease. However, recent evidence * implies that even in diffuse 


disease of the liver the histologic appearance as well as the chemical 


composition of the liver may vary in the different lobes. It appeared 


desirable, therefore, to determine how well the single, small specimen 
obtained by needle puncture of one lobe represents the pathologic 
uppearance of the liver as a whole. For this purpose, 15 series of 
specimens were obtained by puncture from cadaver livers (9 showing 
cirrhosis and 2 toxic hepatitis, and 4 that were normal except for cloudy 
swelling and terminal passive congestion), and the specimens of each 


liver were compared 
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METHOD 


With the Vim-Silverman needle,"* 10 specimens were obtained from each liver 
Four specimens were taken from the right lobe, 3 from the middle, and 3 from the 
left lobe of the liver. They were fixed in Carnoy’s solution and stained with hema- 
toxylin and eosin 

The features used for assessing the pathologic lesions were as follows: (1) Injury 
of the epithelial liver cells. This was difficult to differentiate from postmortem 
changes. Therefore, only advanced degrees of cloudy swelling, vacuolation and 
nuclear damage were considered important. (2) Fatty metamorphosis. (3) Alter- 
ation of the lobular pattern, as indicated by the presence of nodules of epithelial cells 
arranged without respect to the central vein. (4) Scarring by bands of hyalinized 


issimilarity in Seven Pathologic Features Observed in the Comparison of Needle 
Different Parts of Each of 15 Cadaver Liver (Expressed as the 
Vumber of Specimens with Significant Dissimilarity.) 


Altera Infam- Inflamme- 
Injury Fatty tion of mation tion of Leuko- 
of Liver Metamor- Lobular of Portal Periph- cytic 
Diagnosis Cells phosie Pattern Scarring Triads eral Zone Reaction 


2 


Toxie hepatitis 


Toxic hepatiti« 


Cloudy swelling aod passive congestion 


Cloudy swelling and passive congestion 


Cloudy swelling and passive congestion 


Cloudy swelling and passive congestion 


Specimens that were dissimilar 


Casee with diselr Ar spee'mens 


connective tissue in the portal triads or the central zones. (5) Inflammation of the 
peripheral zone of the lobule indicated by the presence of segmented leukocytes in 
strands extending from the portal triads into the periphery of the lobule or nodule 
Inflammation of the portal triads (and in cases of cirrhosis the connective tissue 
ulae as well), often associated with enlargement of the portal triads. (7) 
leukocytic reaction, an evaluation of the over-all degree of infiltration by 
segmented leukocytes of the portal triads and parenchyma of the liver, with or with 
out al necrosis 
These changes were estimated as significant or not significant by two inde- 


pendent observers, whose results were in close agreement 


RESULTS AND COMMENT 


lhe table lists for each liver the number of samples that showed 


dissimilarities of the individual feature in different parts of the liver. 
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Chere was agreement in the amount of liver cell injury in all cases 
except 1. Fatty metamorphosis was also quite uniform in its distribution. 

\s to the other features, dissimilarity appeared in approximately 10 
per cent of the 150 specimens studied. These differences were found 
irregularly, so that in individual cases only a few of the seven features 
were observed to be variable in the 10 specimens. On the other hand, 
in only 3 cases were all features uniform in all specimens. Discrepancies 
were not confined to one part of the liver 

Finding dissimilarity in the pathologic changes in different lobes 
of the liver in only about 10 per cent of the specimens studied gives 


confidence in needle biopsy for evaluating diffuse hepatic disease. 


Nevertheless, from a single specimen it is possible to estimate some 
features incorrectly. The findings presented may help in the evaluation 
of the individual specimen 

SUM MARY 


lo investigate how well the single, small needle sample represents 
diffuse hepatic disease, 10 needle specimens were taken from different 
parts of each of 15 cadaver livers and were compared with respect to 
several pathologic features frequently used in the interpretation of 
such specimens 

Injury of the epithelial liver cells and fatty metamorphosis were 
almost always uniform throughout the liver. Alteration of the lobular 
pattern, scarring and inflammatory changes showed significant dis- 
similarity in the amount of alteration in about 10 per cent of the 


specimens studied 





LOCALIZATION OF MYOCARDIAL INFARCTS WITH RESPECT 
TO THE MUSCLE BUNDLES OF THE HEART 


WILLIAM &. WARTMAN, M.D. 
AND 


JOHN C. SOUDERS, MD. 
CHICAGO 


VER the past forty years much evidence has accumulated which 

makes it clear that the human myocardium is composed not of a 
single muscle mass but of several distinct muscle bundles which have 
independent blood supplies and may be separately involved in certain 
diseases.’ For example, it has been shown that infarcts of the ventricles 
may be limited to separate muscle bundles * and that in the walls of 
cardiac aneurysms there are laminar scars which coincide with the 
distribution of one or more muscle bundles, the number of muscles 


involved depending on the site of the aneurysm.’ Since, however, most 
of these reports are based on examination of small numbers of specially 
selected hearts, it seemed appropriate to repeat these studies and use a 
sufficiently large number of unselected hearts so that statistical infor- 
mation could be gathered concerning the localization of infarcts with 
respect to the muscle bundles of the myocardium. This information is of 
practical clinical importance because several authors‘ have recently 
described rimlike subendocardial infarcts in the left ventricle the pattern 


of which suggests predominant localization to the subendocardial por- 
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tions of the superficial muscle bundles. Such infarcts produce electro- 
cardiograms which, although not diagnostic, are characteristic enough 
to permit a presumptive clinical diagnosis to be made 


MATERIALS AND METHODS 


arts with infarcts were obtained from the autopsy services of the 
pital Association and Passavant Memorial Hospital and Wesley 
spital, Chicago Although they were selected at random, they were 
nsecutive autopsies The hearts were fixed in formaldehdye solution 
i then each was cut like a loaf of bread beginning at the base and 
urd the apex. The slices, which were approximately 2 cm. thick, were 
und covered with a sheet of glass, on which the outlines of the 
ed and later transferred to paper for permanent records 
of locating infarcts had several possible sources of error, which 
«d in order to be avoided. The first one arises from the fact that 
s, unlike the skeletal muscles, do not possess fascias and may 
ach other. For this reason only the approximate location of the 
determined. However, the interlacing is not great, and usually it 
ne to determine which muscles are predominantly affected by a 
lways keeping in mind, of course, that it may overlap slightly with 
les. In order to make this particular source of error as small as 
pic sections of the full thickness of the ventricular wall were 
cases, and it was found that there was good agreement between 
the microscopic localizations of the infarcts. A second possible 
ies in the fact that the normal pattern of the muscle bundles may 
This is usually not great and is of importance chiefly in the case 
bospiral muscle, which occasionally extends three quarters of the 
instead of the usual half way In most instances it is possible 
possibility by observing the situation of the infarct in regard to 
ventricular wall and to the base and the apex of the heart 
differential hypertrophy of individual muscle bundles may 
taken into account. Hypertrophy recognized 
surements t the 
apex 
arteries were « re n ! t $ 1 and the sites 
mpiete block ar ’ os t wi orded Gross 
hecked with microscopic slid clini were obtained 


pital records 


NORMAL ANATOMY OF THE CARDIA( LE BUNDLES 
Since the topographic anatomy of the muscle bundles of the heart 
iliar to many, it may be helpful briefly to review it before 
uur findings. Those who wish a more detailed account may 


upers of Robb and Robb ™ and of Lowe.’ At least five 


le bundles compose the ventricles, of which the four princi 


considered in this paper, namely, the superficial 
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sinospiral, superficial bulbospiral, deep sinospiral and deep bulbospiral 
muscles. The fifth muscle bundle is the scroll muscle, which will be 
omitted from consideration because it cannot be demonstrated by the 
method of cutting the heart which we used. Figure 1 shows in diagram- 
matic form the approximate location of these four muscle bundles viewed 
in transections of the ventricles. The right ventricle is composed of three 


muscles, i. e., both superficial muscles and the deep sinospiral muscle, 


me Sa 


Ea Superficial 
sinospiral 


Ge bois. 
bulbospirel 


Deep 
sincepiral 


Apex anterior 


s-sectional anatomy of the muscle bundles of the human cardiac 


n contrast to the left ventricle, which is composed of four muscles, 
namely, the two deep and the two superficial muscles. The apical thirds 

the left ventricle and the interventricular septum are made up of 
superficial muscles, whereas the apical third of the right ventricle con 
tains a lot of the deep sinospiral muscle. The basal two thirds of the 
heart consists chiefly of deep muscles with only a thin outer or sub 
epicardial layer of superficial muscles. In the left ventricle there is also 


a thin inner or subendocardial layer of superficial muscles, making a 
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total of four muscle layers—the subpericardial layer of the superficial 


muscles, the deep sinospiral, the deep bulbospiral and the subendocardial 
portion of the superficial muscles. In the left ventricle the superficial 
muscles sweep over the surface beneath the pericardium, form a vortex 
at the apex of the heart, and pass upward again toward the base, form- 
ing the papillary muscles and a thin layer beneath the endocardium 
The atriums are made up of an exceedingly thin superficial bundle, 
which runs transversely over both atriums, and a deep bundle consisting 
of two sets of looped fibers which arise from the fibrous ring around 
the atrioventricular orifice and pass anteroposteriorly around one or 


the other atrium 


Fig. 2.—A transection of the heart near the base. The left ventricle is on the 
right and the right ventricle is on the left. The anterior aspect is facing down- 
ward and the posterior aspect upward. There is a white laminar scar of an old 
posterior basal and lateral infarct on the subendocardial portion of the superficial 
bulbospiral muscle. External to this scar is a dark rimlike fresh infarct of the 
deep bulbospiral muscle. To the left is another fresh, dark red infarct which extends 
through the entire thickness of the ventricular wall. Although these new infarcts 
appear like separate infarcts in the photograph, they were in reality part of a 
single infarct, for in other cross sections they fused 


RESULTS 
The 50 hearts contained 72 infarcts. It was at once apparent from 
examination of the heart slices that many of the infarcts were not massive 
lesions involving the entire thickness of the ventricular wall as would be 
expected if the ventricle were composed of a single muscle. Instead they 


were frequently laminar or rimlike in distribution, forming definite 
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muscle laminar - recent 
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Apex anterior 





Fig. 3.—The normal distribution of the superficial bulbospiral muscle is shown 
on the left of the diagram, while the location of a recent laminar infarct of the 
left ventricle is shown on the right. The pattern of the infarct coincides with the 
pattern of the internal or subendocardial portion of the superficial bulbospiral 
muscle. Note the moderate degree of overflow into the deep muscles in the second 
cross section 
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patterns which were similar to the patterns formed by the muuscle 
bundles. Sometimes there was moderate overlapping, so that an infarct 
which involved predominantly the deep bulbospiral muscle, for example, 
might overflow for a short distance into the neighboring deep sinospiral 


Both superficial muscles 
massive - new and old 


 e 


6 


Apex anterior 


infarct involving the internal portions of bot! 


superficial muscles. Nevertheless, the similarity between the 
{ the infarct and that of the separate muscle bundles was striking 
s a photograph of a slice of the ventricles made near the base 

t shows the whit scar of an old infarct of the subendo 


} 


ot a superficial muscle bundle and a new red infarct 
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involving the deep muscles. Tracings of other infarcts are depicted in the 
illustrations and indicate the principal patterns which were encountered. 
Some infarcts involved chiefly superficial muscles (figs. 3 and 4), whereas 


other infarcts were confined to deep muscles (figs. 5 and 6). Combina- 


Deep bulbospiral 
muscle laminar - old 
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Fig. 5.—The scar of an old laminar infarct of the posterior basal region of the 
left ventricle is shown on the right. The pattern of the infarct coincides with that 
f the posterior segment of the deep bulbospiral muscle shown on the left hand 


side of the diagram. 


tions were also found in which a deep and a superficial bundle were 


affected. A massive infarct involved occasionally all four muscle bundles 


(fig. 7) 
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Inspection of figures 2 to 7 shows that although the patterns of the 
infarcts corresponded closely to those of the individual muscles of the 


ventricles, nevertheless the entire circumference of a muscle bundle was 
seldom involved, but only a segment of it. For example, infarcts were 


Deep sinospiral muscle 
massive - new 


© G 
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Apex anterior 





A new infarct, which was located in the posterior portion of the deep 


big 6 
For comparison, the normal pattern of 


sinospiral muscle, is shown on the right 
the deep sinospiral muscle is shown on the left 


i 


commonly found which involved the posterior third of the deep bulbo- 
spiral muscle but spared the anterior portion of that muscle (fig. 5). 
Frequently the subendocardial portions of the superficial muscles were 
the seat of infarction while the subpericardial portion of the same muscle 


was apparently viable (figs. 3 and 4) 
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Fig. 7.—New and old infarts involving four muscle bundles and the full thick- 
ness of the left ventricle 





ARCHIVES OF PATHOLOGY) 


INCIDENCE OF INFARCTION OF INDIVIDUAL VENTRICULAR 


MUSCLE BUNDLES 
lable 1 gives the number of times the individual muscle bundles were 
involved regardless of whether the infarct affected a single bundle or 


several. The data indicate that the deep sinospiral muscle was involved 


significantly less frequently than the others 


the data has been made in table 2, which shows the incidence of infarction 


in individual muscle bundles while taking into consideration involvement 
of both single and multiple bundles 


\ more detailed analysis of 


Nearly one half of the total number 


Tante 1.—Number of Times Individual Muscles UW 
Superficial sinospiral 

Superficial bulboepiral 

Deep sinospiral musele 


Leep bulbospiral musel 


| signifieantly less frequently 


Incidence Infarcts mm Individual Muscles and im 


Muscles of the Cardiac V entricles 


ota 
No. of 
Hearts 


4 





ts occurred in one or both of the superficial muscle bundles 
fourth of the total number 


\\ 


infarcts affected both superficial 
When the superficial muscles 


alone were affected, the sinospiral 
in infarct almost twice as commonly as the bulbospiral 


ficial muscle bundles were involved either 


contained >uper- 


alone or in combination with 
wuscle bundles in 53 of the 72 infarcts (74 per cent). If the 
superficial muscles were subdivided into external and internal parts, as 


has bee 


lone in table 3, it was tound that the internal portion of the left 
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ventricular wall was involved significantly more than the external, This 
finding is in accord with the concept that the subendocardial part of the 
myocardium has a somewhat precarious blood supply, being in the region 
of high intramural pressures during systole 

Deep muscle bundles were affected 37 times (51 per cent). The deep 
bulbospiral muscle was affected more frequently than the deep sinospiral 
muscle. Both deep muscles were involved more frequently than a single 
deep muscle, and a combination of a deep and a superficial muscle more 


commonly still 


CONVENTIONAL LOCALIZATION OF VENTRICULAR INFARCTS COMPARED 
WITH LOCALIZATION IN MUSCLE BUNDLES 

In general, apical infarcts correspond to infarcts of one or both 

superficial muscles and posterior basal ones to infarcts of the deep 

muscles or to infarcts involving both deep and superficial muscles. 

Infarcts of the lateral wall of the left ventricle, as well as those of the 


interventricular septum, usually involve a deep and a superficial muscle. 


Taste 3.—Number of Times the External (Subpericardial) and the Internal 
Subendocardial) Part of the Individual Superficial Muscles Were Involved 


Supefficial sinospiral musele Superficial bulbospira! muscle 
Externe 21%) External 
ternal » (79%) Internal 


It is to be noted that the right ventricle commonly escaped infarction 
\ consideration of the distribution of the muscle bundles of the right 
ventricle throws some light on this finding, for it reveals that the right 
ventricle is composed largely of the deep sinospiral muscle at the base 
and of the superficial and deep sinospiral muscles at the apex. Hence, 
when these muscles are involved the infarct may extend posteriorly into 
the right ventricle at the base or along the interventricular septum. At 
the apex an infarct of the superficial or of the deep sinospiral muscle 
may also involve the right ventricle. Since, for some unknown reason, 
the deep sinospiral muscle is affected significantly less frequently than 
the other muscle bundles (table 1), large infarcts of the right ventricle 
are uncommon 
ATRIAL INFARCTS 

Infarcts were discovered in the atrinms in 21 (42 per cent) of the 
hearts. Seventeen (81 per cent) were in the right atrium and 2 (10 per 
cent) in the left. In 2 additional cases infarcts were present in both 
atriums. The auricular appendages were most frequently involved. The 


majority were new infarcts and were accompanied by fresh mural 








340 ARCHIVES OF PATHOLOGY 


thrombi. These findings are similar to those of others,” who have called 
attention to the fact that atrial infarcts are common, and that they are 
frequently oyerlooked both clinically and pathologically. The observation 
that most of them were new infarcts located in the right atrium suggests 
that they may have contributed to the death of the patients and hence 
were of clinical importance. 


CORRELATION OF VENTRICULAR MUSCLE BUNDLE INFARCTS 
AND CORONARY ARTERY OCCLUSION 


Che data were analyzed to see whether a relationship could be demon- 
strated between occlusion of specific coronary arteries and infarction of 
individual muscle bundles. The results of this analysis indicate great 
variation, so that, with few exceptions, there was no constant correlation 
between the artery occluded and the location of the infarct. In other 
words, occlusion of a specific coronary artery did not always result in 
infarction of the same muscle bundle. But in general it appeared that 
when the right coronary artery was occluded, there was an infarct in a 
deep muscle (posterior and basal infarct) ; when the descending branch 
of the left coronary artery was occluded, the infarct was in one or both 
of the superficial muscles (anterior and apical infarct) ; when the circum- 
flex branch of the left coronary artery was occluded, the infarct was in 
either deep or superficial muscles, and, finally, when multiple occlusibns 
occurred in different coronary arteries, then there was commonly an 
infarct in more than one muscle bundle 

It should be remembered that it is difficult to obtain from human 
material accurate information about the possible relationship of an 
occluded coronary artery and the location of an infarct. This is partly 
due to the fact that in coronary occlusion there is much more than a 
single blocked artery, for the other branches are also seriously diseased, 
usually by arteriosclerosis, and have greatly narrowed channels. Thus 
the normal circulation may be seriously disturbed, especially in regard 


to the amount and the direction of blood flow, and we have no means of 





determining either during life or after death the nature or the extent of 
the disturbance in the fields of blood supply 


IMPORTANCE OF THE THICKNESS OF VENTRICULAR INFARCTS 


Since the thickness of the left ventricle is composed not of a single 
muscle but of four separate muscle bundles at the base and of two at the 
apex, we should anticipate that infarcts in individual muscle bundles 
would involve but a part of the thickness of the ventricle. Only when 


infarcts occur simultaneously in two or more bundles should we expect 


Séderstrém, N Acta med. Scandinav. 1948, supp. 217. Wartman, W. B., 
and Hellerstein, H. K Ann. Int. Med. 28:41, 1948. Cushing and others.‘ 
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the entire thickness of the ventricular wall to be affected. This was found 
to be the case. For example, in the left ventricle it was possible to dis- 
tinguish several types of infarcts depending on how much of the thickness 


Taste 4.—Relationship of the Thickness of the Infarct to the Estimated Age of the 
Infarct and to Complications Such as Ventricular Rupture and Aneurysm 


Cases with Complications 

Cases of Stated Type ~ —_ ~— —~ 

- ~ oe Mural 

Total Total Rup Anevw- Throm 

rype of Infarct » Old No No ture ryem bosis 
Full thickness 10 27 19 
Massive but not full thickness : | : 19 
Laminar 16 12 


Total i2 SO 


Taste 5.—Relationship of Infarcts of the Muscle Bundles to Thickness of the 
Infarct, Ventricular Rupture and Aneurysm, and Mural Thrombosis 


Case in Which Stated Muscle or 
Muscle Combination Showed 
- - “ ~ Cases in Which Stated Muscle or 

Massive, Muscle Combination Showed 
Full Not Full . 

Thickness Thickness Laminar Mural 

Infaret Infarct Infaret Rupture Aneurysm Thrombosis 
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B 
Total Number of Cases 19 I i 15 “ 
Key: 8.8.8. stands for superficial sinospiral muscle; 8. B.8., for superficial bulborpiral 
muscle; D. 8. 8., for deep sinospiral muscle, and D. B.8., for deep bulbospiral muscle 
of the ventricular wall appeared to be involved *: (1) infarcts involving 
a large mass of tissue and the full thickness of the ventricular wall were 
called full thickness infarcts; (2) infarcts affecting a large mass of 
muscle but not the full thickness of the ventricular wall were classified as 
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massive infarcts; (3) infarcts which formed’ only a thin rimlike layer 


were called laminar infarcts. A fourth group involving disseminated or 
scattered islands of muscle has been described ** but was not encountered 
in this study 

Che incidence of these three types of infarcts is shown in the first 
four columns of table 4. “Full thickness” infarcts and “massive but not 
full thickness” infarcts occurred with nearly equal frequency; the rest 
were “laminar.” Table 5 gives the details about the specific muscle 
bundles involved. As was expected, full thickness and massive infarcts 
commonly involved more than one ventricular muscle. Laminar infarcts 
involved chiefly one and never more than two muscle bundles. It must 
be noted, however, that in 4 hearts an infarct of a single muscle bundle, 
the superficial sinospiral, extended clear through the ventricular wall 
In each case this occurred at the apex of the left ventricle, which, of 
course, is composed entirely of the superficial muscles. This is the only 
location where the entire thickness of the ventricle can be damaged by 
infarction of a single muscle 


RUPTURE OF THE HEART 


It is apparent from tables 4 and 5 that some of the complications of 
myocardial infarction, namely, rupture, aneurysm and mural thrombosis, 
were related at least in part to the thickness of the infarct. Rupture 
occurred only in full thickness infarcts. At the base of the heart this 
happened only if both deep muscles were affected, but at the apex, 
because of the arrangement of the superficial muscles, the infarct needed 
only to be in a single muscle. However, not all hearts with full thickness 
infarets ruptured. In fact, the majority did not, which means that other 
factors, such as blood pressure, physical exertion and the degree of 
liquefaction and fibrosis of the muscle, must be important. At first sight 
t may seem strange that all full thickness infarcts did not rupture 
Obviously, however, some patients survived with what were apparently 
full thickness infarcts, because hearts with old lesions were encountered 
not infrequently. The reason for this is not apparent, but it must be 
understood that the term “full thickness infarct’ is used to describe the 
naked eve ippearance ot the lesions. It is possible that all the myocardial 


fibers are not always involved and that in patients who survive a 


sufficiently large number of myocardial fibers escape necrosis so that 


rupture does not ensue. In this series the incidence of rupture was 8 
per ce nt 
It is interesting to note that although rupture always occurred at the 


i new intarct, m 2 


cases there was the scar of an old infarct, also, 

lace of rupture. Apparently the scar of an old infarct, while 
sufficiently strong to prevent rupture in the absence of further injury, did 
not always prove strong enough to prevent rupture when a subsequent 


infarct occurred in the same location 
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ANEURYSM FORMATION 

Aneurysm was twice as common in full thickness infarcts as in 
massive and laminar infarcts combined (table 4). 

Table 4 shows clearly that the incidence of rupture and that of 
aneurysm were both directly proportional to the thickness of the infarct. 
In all the cases of rupture and in two thirds of those of aneurysm the 
complication occurred in areas where the full thickness of the ventricular 
wall was damaged. Aneurysm resulted from a laminar infarct in only 
1 case, in which the deep bulbospiral muscle was damaged. Although 
aneurysm was most common where more than one muscle bundle was 
involved, nevertheless both rupture and aneurysm occurred after infarc- 
tion of a single muscle bundle. In 1 case of rupture and in 2 of the 3 
cases of aneurysm so produced the infarct was located in the apex of 
the left ventricle. This area is made up entirely of superficial muscles 
and an infarct destroying one of these muscles can involve the full 
thickness of the ventricular wall. 

Rupture and aneurysm at the apex were always associated with 
infarction of one or both superficial muscles, whereas at the base or in 
the midportion of the left ventricle they were associated with the deep 
muscles. Lowe ** and Lowe and Wartman * made the same observation 
and stated that damage of superficial muscles is unimportant in the 
development of aneurysms at the base of the heart, im contrast to its 
importance at the apex. They also pointed out, as did Lowe and Love,™ 


that both deep muscles must be destroyed in the upper two thirds or 


three quarters of the left ventricle in order to produce rupture or 


aneurysm, because of the presence of multiple muscle layers in this 
region. Thinning of the wall with deformity of the ventricular cavity, 
but without external deformity, is usually all that is produced by infare 
tion of one deep muscle alone. Of the 9 hearts which had an aneurysm 
in the basal portion of the left ventricle, 5 showed infarcts of both deep 
muscles, 3 showed combined infarcts of the deep bulbospiral and one 
or both superficial muscles, and 1 showed deep bulbospiral infarction 
alone. The latter showed internal deformity only. 


MURAL THROMBOSIS OF THE LEFT VENTRICLI 

Fourteen (28 per cent) of the 50 hearts contained a mural thrombus 
in the left ventricle. No instance of right ventricular thrombosis was 
observed. Atrial thrombosis has been described in a foregoing section 
(“Atrial Infarcts’’) In every instance the thrombus was associated 
with a recent infarct. It is seen from tables 4 and 5 that the incidence 
of mural thrombosis was dependent on the number of ventricular muscles 
included in the infarct as well as on the thickness of the infarct. Mural 
thrombi were present in 6 (40 per cent) of the 15 hearts with aneurysm 
but in only 8 (23 per cent) of the 35 hearts without aneurysm. These 
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data support the contention that mural thrombosis is most likely to occur 
when an infarct is accompanied by an aneurysm." Mural thrombosis 
was found in 13 of 36 hearts in which the superficial muscles were 
injured but in only 1 of 14 without damage to a superficial muscle. In 
each case the subendocardial layer of the superficial muscle was involved. 
These figures suggest that proximity of the infarct to the endocardial 
surface predisposes to mural thrombosis, 


CORRELATION OF THICKNESS OF INFARCT AND NUMBER 
OF MUSCLE BUNDLES INVOLVED 

lhe data in table 5 indicate that when the infarct was full thickness 
two or more bundles were involved in 15 of 19 (79 per cent) instances 
rhe exceptions concerned the superficial sinospiral muscle, which, as 
already shown, forms the full thickness of approximately one half of 
the apex. Presumably the same thing could happen with the superficial 
bulbospiral muscle, although it was not encountered in this series. The 
massive type of infarct involved two or more bundles in 13 instances 
and a single muscle in 6. The situation was reversed with the laminar 
type, for here there were 9 cases in which a single muscle was affected 
and only 3 in which two bundles were involved. 

\s. was expected, rupture and aneurysm occurred more frequently 
when two or mre muscle bundles were affected than when only a single 
one was involved 


NEW SUPERIMPOSED ON OLD INFARCTS 

lables | and 4 show that slightly more than half of the hearts had 
an old infarct. This can mean only that the patients survived at least 
one episode of recent infarction. All but 4 also had a new infarct at 
the time of death. A striking feature was the frequency with which 
the new infarct occurred in the same area as the old one, so that there 
was a new superimposed on an old infarct. This might mean that a 
second occlusion occurred in the same artery as the first. On the other 
hand, it is possible that after the first occlusion the supplying of blood 
to the necrotic area was taken over by one of the other coronary arteries 
and that the subsequent occlusion or stenosis may have been modified 
by predominance of the affected artery over the others. 


PROGNOSIS OF INFARCTS INVOLVING INDIVIDUAL MUSCLE BUNDLES 


It has been claimed by some investigators * and denied by others ** 
that the prognosis of infarction of deep muscle bundles, especially 


infarction of the deep bulbospiral muscle, is worse than that of infarction 


of superficial muscles. The results of our investigation, as may be seen 


8. Robb and Robb.) Robb, Hiss and Robb.*4 
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in table 1, do not appear to support these claims, for recent and presum- 
ably fatal infarcts occurred more frequently in superficial than in deep 
muscles ; also, the incidence of old infarcts, which presumably indicate 
survival of a previous episode of infarction, was the same for all the 
muscle bundles with the conspicuous exception of the deep sinospiral 
muscle, in which no old infarcts were discovered. However, these data 
afford only circumstantial evidence, for there was no information about 
the survival rates for the various types of infarcts. 


Lowe’s contention that necrosis of multiple muscles is more apt to 


cause death than destructign of a portion of a single muscle ™ is sup- 
ported by our data, which indicate that both recent and old infarcts 
involved multiple muscle bundles much more frequently than single 
muscles (table 2) 

The data in table 2 do not give conclusive evidence concerning the 
relative prognoses of full thickness, massive and laminar infarcts, except 
for the fact that full thickness infarcts were the only ones in this series 
which ruptured. There were fewer recent laminar infarcts than recent 
full thickness and massive infarcts, suggesting that the mortality from 
laminar lesions was less, but such data cannot be properly evaluated 
unless the survival rates for the various types of infarcts are also known 
The fact that more old full thickness and massive infarcts were found 
than larninar suggests just the reverse, namely, that the survival rate 
for the former was better than that for the latter 


SUMMARY 


[he 72 ventricular infarcts discovered in 50 hearts all showed 
definite patterns which were similar to the known patterns of the cardiac 
muscle bundles. In some instances the infarct was limited to a single 
muscle bundle, whereas in others it involved two, three or even all four 
bundles 

The infarct usually involved only a part of a muscle bundle. For 
example, the posterior sector of both deep muscles was commonly 
necrotic, but not the entire circumference of either of these muscles 

['wenty-five infarcts (35 per cent) in 21 hearts (42 per cent) were 
each confined to a single ventricular muscle bundle. 

Superficial muscle bundles were involved, either alone or in com 
bination with a deep muscle, in 74 per cent of the infarcts. The internal 
portion of the superficial muscles was involved three times as commonly 
as the external portion 

Deep muscle bundles were involved, either alone or in combination 
with a superficial muscle, in 51 per cent. The deep sinospiral muscle 
was affected significantly less frequently than any other muscle 

\trial infarcts were discovered in 21 (42 per cent) of the hearts, 
but always in association with ventricular infarcts. The majority were 
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recent and in the right atrium, which suggests that they may have been 
a contributory cause of death 

The importance of the thickness of the infarct, especially in the left 
ventricle, is discussed and three types are described: (1) full thickness 
infarcts; (2) massive but not full thickness infarcts and (3) laminar 
infarcts 

Full thickness and massive but not full thickness infarcts were com- 
posed of two or more muscle bundles at the base of the heart, but of 
only one or at the most two at the apex. Laminar infarcts usually 
involved one, and never more than two bundles 

Rupture, aneurysm and thrombosis were related at least in part to 
the thickness of the infarct 

toth rupture and aneurysm occurred at the apex of the left ventricle 


after infarction of the superficial muscle bundles, but at the base and 


midportion of the left ventricle only after infarction of the deep muscles 


rhe incidence of rupture was 8 per cent, and it occurred only in new 
full thickness infarcts 

\neurysm was more common with full thickness and massive infarcts 
than with laminar infarcts 

Mural thrombosis occurred frequently in association with ventricular 
iuneurysm, full thickness infarct and infarction of the subendocardial 
portion of the superficial muscle bundles 

Multiple muscles were involved much more frequently than a single 
muscle, suggesting that an infarct affecting more than one muscle has 


} 
vi 


4 worse prognosis than one affecting a single muscle. No evidence was 


| 


found to indicate that the prognosis of a myocardial infarct is worse if 


deep rather than superficial muscle bundles are involved 
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(~ RTAIN pathologic changes in the pancreas of patients dying 
from chronic ulcerative colitis have been described recently. One 
of us (Baggenstoss'), in the course of investigating acinar dilatation 
of the pancreas, found that other types of pancreatic disease seemed 
to be frequent in this group. Warren,’ in a review of findings at 
necropsy in 60 cases of colitis, stated that pancreatic dystrophy was 
one of the three most common complications observed. The other two 
were peritonitis and fatty metamorphosis of the liver. Other observers * 
have noted evidence of pancreatic disease in patients dying of various 
forms of malnutrition. 

Clinical pancreatic disease in the course of chronic ulcerative colitis, 
on the other hand, is rarely if ever recognized. We have not been 
impressed with, nor have we observed evidence of, pancreatic insuf- 
ficiency in cases of chronic ulcerative colitis. Search of the literature 
revealed only 2 cases* in which undoubted chronic ulcerative colitis 
and coexistent gross pancreatic disease were found at necropsy. In 
both of these extreme atrophy of the pancreas and marked fatty infiltra- 


tion of the liver were present 


From the Section on Pathologic Anatomy (Dr. Baggenstoss) and the Division 
of Medicine (Drs. Ball and Bargen), Mayo Clinic 


\bridgment of thesis submitted by Dr. Ball to the Faculty of the Graduate 
School of the University of Minnesota in partial fulfilment of the requirements for 
the degree of M.S. in Medicine 

1. (a) Baggenstoss, A. H Arch. Path. 45:463, 1948; (b) Am. J. Path 
24:1003, 1948 

2. Warren, Shields, and Sommers, 5S. C. Am. J. Path. 25:657, 1949 
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4. Clarke, Cecil, and Hadfield, Geoffrey: Quart. J. Med. 17:358, 1924. Rgjel, 
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These considerations suggested that postmortem study of the pancreas 
in a large series of cases of chronic ulcerative colitis might yield some 
interesting information. 


MATERIALS AND METHODS 


The pancreas was studied in 91 consecutive cases of chronic ulcerative colitis 
in which necropsy was performed in the years 1935 through 1949. In 5 cases autol- 
ysis of the pancreas was too advanced for satisfactory examination, and these 
were excluded. This left 86 cases suitable for detailed study. In all cases there 
was clinical and pathologic evidence of active inflammation of the colon. The 
descriptions of the gross appearance of the pancreas in the necropsy protocols and 
204 histologic sections of the pancreas were studied. At least 2 sections were 
obtained from each pancreas. In the majority of cases sections from both the head 
and the tail of the pancreas were available. The sections were stained with 
hematoxylin and eosin. When indicated, other stains, such as azocarmine, Van 
Gieson's and sudan IV, were employed also. The principal clinical data on these 
cases were secured from the records. Particular attention was paid to the duration 
of the disease, the clinical severity of the diarrhea, the chief symptoms and the 
terminal complications. 

In order to have a basis for comparison, an additional 86 cases were chosen, in 
which necropsy was performed and chronic ulcerative colitis was not present. From 
this series we excluded all cases in which the patients were less than 9 years of 
age (the age of the youngest patient with colitis) and all cases in which there 
was neoplastic involvement of the gland. In this series of cases a total of 196 his- 
tologic sections of the pancreas stained with hematoxylin and eosin were examined 

4 specific search of each histologic section was made for the following lesions: 
inflammation, fibrosis, acinar atrophy or necrosis, islet change, ductal abnormality, 
arteriolar disease, fat necrosis, infarction and acinar dilatation. When feasible the 
severity of any lesion found was classified as severe, moderate or mild. 

Results of this study led us to compare the type of pancreatitis in our series 
of cases of chronic ulcerative colitis with other types of pancreatitis. Then we 
compared the pancreatic and hepatic changes in our cases of chronic ulcerative 
colitis. This was possible since Jones,® in his study of the liver in chronic ulcera- 
tive colitis, had studied the same cases of chronic ulcerative colitis which we 
studied 


GROSS FINDINGS 


In 74 of the 86 cases of chronic ulcerative colitis the pancreas was 





described as being grossly normal. Atrophy was the chief finding in 
4 cases, and microscopically these were cases in which interstitial 
fibrosis and acinar atrophy were well marked. The pancreas was 
described as firmer than normal, questionably showing pancreatitis in 
3 cases; interestingly the chief histologic change in these glands was 
acinar dilatation.*. In 2 cases significant fat replacement of pancreatic 
tissue was evident on macroscopic examination. In 1 case the gland 
was yellower than normal, and in this case the histologic change 


5. Jones, G. W.: Baggenstoss, A. H., and Bargen, J. A.: Proc. Staff Meet., 
Mayo Clin. 25:256, 1950 
6. Hartz, H Nederl. tijdschr. v. geneesk. 92:1217, 1948 
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was moderate interstitial fibrosis and acinar atrophy. A hematoma of 
the tail of the pancreas and a 0.6 cm. cyst of the tail occurred in 1 
case each. 


HISTOLOGIC OBSERVATIONS 


Inflammation.—The most remarkable feature in the cases of chronic 
ulcerative colitis was the frequency (46 instances, table 1) with which 
some type of pancreatic inflammation was found. Acute interstitial 
pancreatic inflammation, however, was found in only 2 cases (table 2 


~~, 


Taste 1.—Incidence of Pancreatic Lesions in 86 Cases of Chronic Ulcerative 
Colitis and in Controls 


Colitis Controls 

Pancreatic Lesions (86 Cases) (36 Cases) 
Infammation 
Fibrosis 
Acinar dilatation 
Fat necrosis. 
Infarction 
Arterioloselerosis. 
Interstitial hemorrhage 
Hyalinization of islets 
Deposition of amyloid... 


so 


~sennw @ 


Types of Pancreatitis and Incidence of Associated Pancreatic Fibrosis 
in 86 Cases of Chronic Ulcerative Colitis and in Controls 


Colitis No Colitis 
‘% “A 


Type of Interstitial Pancreatitis Total Fibrosis Total Fibrosis 
Acute y 1 
Severe chronic 
Moderate chronic. 
Mild chronic 
No active infammatio: 


Total 


fig. la). In one of these acute peritonitis was present, and the acute 
pancreatitis may have represented terminal extension of inflammation 
of the serosa. In the other case the severe diffuse suppurative pan- 
creatitis with interstitial edema was not associated with peritonitis. 
Death in this case was ascribed to hepatic cirrhosis and terminal broncho- 


pneumonia. In most of the cases of ulcerative colitis the inflammatory 
process appeared to be chronic interstitial pancreatitis. Lymphocytes 
and plasmacytes were numerous, especially about the larger ducts and 
in the interlobular spaces, and were associated with fibroblastic reaction 
and interstitial edema. Intralobular inflammation and focal acinar 
atrophy were associated with instances of marked chronic interstitial 
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Fig. 1.—Pancreatic inflammation associated with chronic ulcerative colitis: 
(a) Acute interstitial pancreatitis. Note the interstitial edema and polymorphonu- 
clear cells (hematoxylin and eosin; x 135). (b) Severe chronic interstitial 
pancreatititis. Note periductal location, interstitial edema, lymphocytes, plasmacytes, 
fibroblastic proliferation and early acinar atrophy (hematoxylin and eosin; X 
100) 
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pancreatitis. In no case did acute necrosis of the acini or destruction 
of the islets accompany chronic pancreatitis. The chronic interstitial 
pancreatitis (table 2) was severe in 5 cases (fig. 1 6 and 2 @), moderate 
in 17 (fig. 26) and mild in 22. 

In the control group only 3 instances (table 2) of mild chronic 
interstitial pancreatitis were encountered. 

Fibrosis —Pancreatic fibrosis was another common lesion in the 
cases of colitis. It occurred in 34 cases (fig. 3a@). compared with 12 
of the controls (table 1). It was chiefly interlobular and periductal in 
distribution, and when well advanced was accompanied with considerable 
atrophy of acini. The islets in such areas were, however, normal in 
appearance. Significant degrees of acinar atrophy were not seen except 
in association with either definite pancreatitis or interstitial fibrosis 

Acinar Dilatation —This lesion was seen in the pancreas in 46 cases 
of colitis and in 16 controls (table 1; fig. 3). This incidence confirms 
previous work on the incidence of the lesion reported by one of us." 
There was no positive correlation between the incidence of acinar dila- 
tation and the other pancreatic lesions listed in table 1. 

\cinar dilatation consisted of expansion of individual pancreatic 
acini, with flattening of the acinar cells. Nuclear pyknosis of the lining 
cells was often present. An acidophilic material was often present in 
the cystlike lugiens of the acini. When present, the lesion was found 
in most of the lobules examined and was in approximately the same 
stage of development in alt, 

Fat Necrosis.—\solated foci of fat necrosis were seen in 4 cases in 
the group of colitis (table 1). In 3 of these the fat necrosis was asso- 
ciated with chronic interstitial pancreatitis, and in 1 the gland was 
otherwise normal. In the control group fat necrosis was seen twice 
(table 1); one of the 2 patients had chronic lymphatic leukemia with 
pancreatic infarction, and the other had congestive heart failure with 
which pancreatic acinar dilatation was an associated change. 

Infarction.—Infarction of the pancreatic lobules was seen in 2 
cases of colitis (table 1). In one of these it was due apparently to 
secondary amyloidosis involving arterioles of the pancreas. In some 
of the vessels in this case amyloid not only had invaded the adventitia 
and media but also had produced occlusive thickening of the intima. 
The other case of pancreatic infarction was that of a patient who died of 
complicating subacute bacterial endocarditis 

H yalinization of Islets -—This lesion occurred in 1 case in each group 


(table 1 The case of chronic ulcerative colitis was that of a man 53 


years old, who had not had diabetes. The case in the control group was 


one of clinical diabetes mellitus, and the patient was a man 64 vears old 
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Fig. 2.—Chronic interstitial pancreatitis associated with chronic ulcerative coli- 
tis: (a) Severe chronic interstitial pancreatitis (hematoxylin and eosin; x 300). 
(b) Moderate chronic interstitial pancreatitis. Note mononuclear exudate, fibrosis 
and acinar atrophy (hematoxylin and eosin; «x 135) 





BALL ET AL—PANCREATIC LESIONS WITH COLITIS 33 





Fig. 3.—Pancreatic lesions associated with chronic ulcerative colitis: (a) Severe 
interstitial fibrosis of the pancreas with acinar atrophy. Only a few inflammatory 
cells are seen (hematoxylin and eosin; x 300). (b) Acinar dilatation with slight 
interstitial edema (hematoxylin and eosin; x 200). 
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Arteriolosclerosis in the Pancreas.—In none of the cases of colitis 
was any significant degree of degenerative vascular disease encountered, 


although frank arteriolosclerosis was seen in the pancreas in 4 cases 


of the control group (table 1). This difference probably can be 
accounted for by the fact that in our cases of colitis the patients (average 
age, 34 years) were usually younger than those in the control group 
(average age, 56 years). 

Interstitial F emorrhage.—Interstitial extravasation of erythrocytes 
and a hematoma 10 cm. in diameter about the tail of the pancreas were 
seen in 1 case of colitis (table 1). 

Changes in Pancreatic Ducts.—The epithelium of medium and large 
ducts had undergone mild polypoid hyperplasia in a few cases of colitis, 
but squamous metaplasia, stone or diffuse cystic dilatation of ducts was 
not seen 


COMMENT 


This study indicates that interstitial inflammation of the pancreas 
is frequently found in association with chronic ulcerative colitis at 
necropsy. So far as can be ascertained from a search of the literature 
this association has not been previously described. Since we have never 
observed it clinically, one wonders bow much clinical significance can 
be attached to these findings at necropsy. We were unable to correlate 
the pancreatic inflammation with any clinical symptoms, duration of 
disease, loss of weight, terminal complications or extent of the colitis 
in these cases. Patients who had pancreatic inflammation presented 
the same variety of clinieal pictures as the group without pancreatitis. 
It would not, however, be surprising if pancreatic pain or pan- 
creatogenous steatorrhea was misinterpreted or passed unnoticed in 
cases of chronic ulcerative colitis. The incidence of pancreatitis was 
no greater in the cases in which peritonitis was associated than in those 
in which it was not. 

Since the pancreatic inflammation usually observed in these cases 
was histologically of a chronic character, it seems self evident that it 
cannot be interpreted as terminal or agonal. That it probably exists 
commonly in nonfatal cases seems likely, but this point cannot be 
proved without appropriate chemical laboratory or biopsy studies. It 
seems reasonable to suppose that in some cases the pancreatitis may 
have contributed to the fatal outcome 

No hypothesis is advanced as to the pathogenesis of the interstitial 
pancreatitis observed in the cases of idiopathic chronic ulcerative colitis 
However, one cannot help but be impressed by the severe structural 


changes that occur in the wall of the colon and the opportunity these 
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afford for local and systemic spread of infection. Another factor 
undoubtedly of importance is the nutritional deficiency which occurs 
so frequently in the prolonged course of the disease. 

Comparison of the Type of Pancreatitis Encountered With Other 
Types of Pancreatitis —From a purely morphologic standpoint the 
examples of acute pancreatic inflammation observed in these cases 
resemble closely the condition widely known as “acute edematous pan- 
creatitis."” If it is truly the clinical counterpart, also, of this condition, 
then one would expect to find evidence of abdominal pain and elevation 
of the levels of amylase and lipase in the serum. This possibility is 
being investigated clinically. If we are, in fact, dealing with the con- 
dition known as acute edematous pancreatitis, the chronic interstitial 
inflammation observed in numerous instances in this series may be 
interpreted as being the later stage of acute edematous pancreatitis. 
\ccording to current concepts of acute edematous pancreatitis,’ how- 
ever, this condition is considered the first stage in the development of 
acute hemorrhagic pancreatitis or pancreatic necrosis, and these pan- 
creatic lesions were not observed in any of our cases. From current 
investigative work ™ it seems likely that the development of acute 
edematous pancreatitis and pancreatic necrosis depends on three factors : 
(1) obstruction of pancreatic ducts; (2) stimulation of pancreatic secre- 
tion and (3) pancreatic ischemia. Since none of these factors was 


encountered in our cases, we can conclude only that the pathogenesis 


of the inflammatory process in our cases was different. This difference 
in pathogenesis may, perhaps, also account for the fact that the lesion 
progressed to chronic interstitial inflammation rather than to pancreatic 
necrosis 

It should be pointed out that the chronic interstitial pancreatitis 
observed in this study differs significantly from the clinicopathologic 
entity of chronic relapsing pancreatitis." In our cases of colitis, acute 
necrosis of acinar or islet tissue of the pancreas was not seen, and 
fibrosis and acinar atrophy in general were of lesser degree than those 
seen in chronic relapsing pancreatitis. Furthermore, pseudocysts, calculi 
in ducts or parenchyma, or abscesses, which are relatively common in 
chronic relapsing pancreatitis, did not occur in the cases of colitis. 
These features of difference between the two types of pancreatitis sug- 
gest that the pancreatic disease associated with colitis would not cause 
abnormal concentrations of amylase or lipase in the blood and probably 

7. (a) Dozzi, D. L., and Bockus, H. L., in Bockus, H. L.: Gastroenterology, 
Philadelphia, W. B. Saunders Company, 1946, vol. 3, chap. 113, p. 769. (b) Popper, 
H. L.; Necheles, H., and Russell, K. C.: Surg., Gynec. & Obst. 87:79, 1948 

8. Gambill, E. E.; Comfort, M. W., and Baggenstoss, A. H.: Gastroenterology 
11:1, 1948 
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would not lead to diabetes or steatorrhea. Such conditions are fre- 
quent sequelae of chronic relapsing pancreatitis. Before this point can 
be settled, however, clinical and laboratory studies must be made of 
pancreatic function in the course of active colitis and after its healing. 

Pancreatic Fibrosis ——Vascular disease,’ malnutrition’ and age™ 
have been mentioned in the literature as among the causes of pancreatic 
fibrosis. Degenerative vascular disease was conspicuously absent in 
our cases of colitis. In regard to age, the average patient with colitis 
was much younger than those without colitis. Malnutrition of severe 
degree was common in the cases of colitis. However, most authors 
writing on pancreatic disease in malnutrition have described pancreatic 
atrophy or fibrosis not accompanied with inflammatory changes. In 23 
of the 34 cases of colitis in which we found distinct pancreatic fibrosis 
and acinar atrophy (table 2), these findings were associated with 
definite interstitial inflammation of the gland. Furthermore, in some 
of the cases of pancreatitis, fibroblastic proliferation was prominent; and 
when dense fibrous tissue was encountered, it was distributed as was 
the chronic inflammatory exudate, that is, around the major ducts and 
in the interlobular septums, and occasionally it extended into intra- 
lobular foci. Hence we may presume that pancreatic fibrosis without 
evidence of active inflammation associated with colitis (11 instances, 
table 2) probably represents healed or inactive interstitial pancreatitis 
Again, in this group of instances of healed pancreatitis, the fibrous 
tissue was distributed in the gland in the same way as the inflammatory 
exudate in the cases of chronic pancreatitis. In this respect, another 
avenue for future study would be that of examining the pancreas in a 
group of cases in which the colonic inflammation had been healed for 
considerable time. 

Acinar Dilatation—Some observations'* suggest that protein 
deficiency plays an important role in the pathogenesis of acinar dila- 
tation. Tarver and Schmidt ** have pointed out that if the organs most 


active in handling protein are also most vulnerable to protein deficiency, 


the digestive tract and the pancreas would be early sufferers. The 
intestine and the pancreas have the highest protein turnover of any 


organs observed in tracer studies, and with fasting the pancreas loses 


9. Edmondson, H. A tullock, W. K., and Mehl, J. W.: Am. J. Path. 28: 
1227, 1949 
10. Davies.™ Veéghelvi 4 
Gibb, W. F., Ir.. and Logan, V. W Arch. Int. Med. 43:376, 1929. War- 
vields: Ibid. 44:663, 1929 
Baggenstoss.'* Gilbert and Gillman.*® Gillman and Gillman.™ 


Tarver, Harold, and Schmidt, C. L. A J. Biol. Chem. 146:69, 1942 
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the most weight. Although these observations suggest that malnutrition 
(protein deficiency) is probably an important factor in the production 
of acinar dilatation, our study showed that patients who had lost much 
weight and were emaciated were no more apt to have the lesion than 
were those who were in a relatively good state of nutrition. This 
observation, of course, does not rule out the importance of protein 
deficiency, since the emaciated patients may have been treated more 
energetically with increased dietary proteins. Careful nitrogen balance 
studies correlated with histologic observations might aid in solving 
the problem. In addition to protein deficiency, the possibility that 
dehydration and abnormal nervous and hormonal stimulation of the 
pancreas play a role in the production of this lesion must be con- 
sidered.** 


Correlation of Gross and Histologic Changes.—It may seem pata- 
doxic that in 74 cases of colitis, out of a total of 86, the pancreas was 


Taste 3.—Relation of Lesions of the Pancreas to Fatty Liver in Cases of 
Chronic Ulcerative Colitis 


Colitis 
r— Pa - =, 
Total Patty Total Fatty 
Lesion Cases Liver* Cases Liver* 


Controls 
a 


Acute Interstitial pancreatitis....... 1 0 
Chronic interstitial pancreatitis.... as 7 3 
Fibrosis and acinar atrophy........... , ” 
No fibrosis or infammation suocesaues ™“ 


8 





* Part on fatty livers contributed by Jones.* 


described as grossly normal, whereas in 57 cases of the same group 
(table 2) it was found by histologic examination to have either interstitial 
inflammation or a significant degree of fibrosis and acinar atrophy. A 
similar lack of correlation has been encountered by other investigators 
and testifies further to the difficulty of diagnosing pancreatic disease 
from the gross appearance at operation or at necropsy."* 


ASSOCIATION OF PANCREATIC DISEASE AND FATTY REPLACEMENT 
OF LIVER 
The apparently common association of some type of pancreatic 
disease and fatty metamorphosis of the liver has received the attention 
of many investigators. Notable among clinical syndromes in which this 


14. Barron, M Arch. Int. Med. 38:807, 1925. Opie, E. L.: Disease of the 
Pancreas: Its Cause and Nature, Philadelphia, J. B. Lippincott Company, 1910, 
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association exists are juvenile diabetes,’® chronic relapsing pancreatitis,"* 
cystic fibrosis of the pancreas,'’ kwashiorkor ** and malnutrition in the 
West Indies."* It was noted (table 3) that coincident chronic interstitial 
pancreatitis and a significant degree of hepatic fatty change occurred in 
27 cases of colitis, and that coexisting pancreatic fibrosis (without active 


inflammation) ‘and fatty lives were present in an additional 8 cases. 


Remaining then are 10 cases of colitis in which there was fatty liver but no 
significant chronic pancreatic change. Hence it can be said that some 
type of pancreatic change was common in the cases of colitis in which 
fatty liver was observed. It is also evident that pancreatic change is 
not necessarily a precursor of fatty liver in the course of ulcerative 
colitis. Rather it seems that both the pancreatitis and the fatty meta- 
morphosis of the liver are independently related to the colitis. As 
may be noted in table 3, Jones * found a significant degree of fatty liver 
in only 6 of the control cases, and in all of these the pancreas was 
essentially normal. 


SUMMARY AND CONCLUSIONS 


Interstitial pancreatitis was found at necropsy in 46 (53 per cent) 
of 86 consecutive cases of active chronic ulcerative colitis. In 2 cases 
the interstitial pancreatitis was acute; in 5, severe, chronic; in 17, 
moderate, chronic, and in 22 mild, chronic. In addition to these 46 
cases there were 11 cases in which definite pancreatic fibrosis and 
acinar atrophy were present. The pancreatic fibrosis probably repre- 
sented the healed stage of chronic interstitial pancreatitis. Pancreatic 
acinar dilatation occurred in 46 cases (53 per cent). The rates of 
association of these lesions are far in excess of those in the control 
group. The factors responsible for the pancreatic lesions could not be 
determined from this study. It is pointed out that the interstitial pan- 
creatitis seen in these cases of colitis differs significantly from the 
clinicopathologic entities of pancreatic necrosis and chronic relapsing 
pancreatitis. It is shown that fatty replacement of liver commonly 
accompanied pancreatic disease in the cases of colitis. No clinical signs 
of pancreatic disease in the course of ulcerative colitis could be recog- 
nized, but it is suggested that appropriate clinical and physiologic 
research in the future may elucidate the significance of these pathologic 


observations 


15. Grayzel, H. G., and Radwin, L. S Am. J. Dis. Child. 56:22, 1938 
Snell, A. M., and Comfort, M. W Am. J. Digest. Dis. 4:215, 1937. Gam- 
bill, Comfort and Baggenstoss.* 
17. Andersen, D. H Am. J. Dis. Child. 56: 344, 1938. Baggenstoss, A. H., 
and Kennedy, R. L. J Am. J. Clin. Path. 1§: 64, 1945. Farber, S.: Arch. Path 
37:238, 1944 
18. Hartz, H Docu. neerl. et indones. de morbis trop. 1:41, 1949 





EFFECT OF ADENINE ON RATS 


J. O. ELY, Ph.D. 
AND 


M. H. ROSS, V.M.D. 
NEWARK, DEL. 


PS series is a biologically important compound, being a constituent 
of nucleic acids, adenosine phosphates and certain coenzymes. 
Few investigations have been made of the effects of increasing the 
level at which adenine is ingested. Raska* found that adenine fed to 
dogs on a vitamin-sufficient diet produced symptoms of avitaminosis, 
and noted also enlarged kidneys in rats fed this compound. 

Che present study is concerned with several experiments in which 
the adenine intake was increased and the effects on growth and on 
size of liver, kidney and thymus were noted, and some of the pathologic 
effects in the kidney observed. In other experiments, adenylic acid was 
fed or ingested to determine whether combined adenine had effects 
similar to those produced by free adenine. 


Taste 1.—Composition of “Casein Diet” and “Protein-Free Diet” 


“Protein- Free 
“Oasein Diet,” Gm Diet,” Gm. 


Casein ececeece : 120 or 250 

Corn oll ° ene . w» 

Glucose couceesccoes 770 or 640 

Salt mixture.... owes wu 

Extract of riee bran *.... . eee 2 

Riboflavin ; erescee 0.008 0.002 


* Thies is marketed under the trade name Vitab, by Nopeo Chemical Compeny, Harrison, 
j 


EXPERIMENTAL PROCEDURE 


Male albino rats of the Wistar strain were used. Three diets, without and with 
addition of adenine, were employed: (1) “stock diet,” an adequate commercial 
diet; (2) “casein diet” (12 per cent casein or 25 per cent casein); (3) “proteifi- 
free diet.” The composition of the latter two diets is given in table 1. The amounts 
of adenine (free base) in the diets and the periods during which the adenine was 
fed are given in the tables. Food was available to the rats ad libitum except in 
group 6 of the fourth experiment; the food intake of this group was restricted to 
the amount of food consumed by the rats of group 5. This restriction was for 
the purpose of determining whether the decrease of liver and thymus weights 


From the Biochemical Research Foundation 
1. Raska, S. B J. A. M. A. 981:1093, 1946; J. Biol. Chem. 166:743, 1946; 
Science 10§:126, 1947; Federation Proc. 8:130, 1949; 9:103, 1950. 
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observed in group 5 could be explained in part or entirely on the basis of voluntary 
reduction of food intake. 

Records of food consumption were not made in the first, second or third experi- 
ments ; consequently the exact amounts of adenine consumed could not be determined ; 
in the fourth experiment, however, the amounts were determined. 

Tissues were fixed in 85 per cent alcohol and in Carnoy’s alcohol-acetic acid 
(3:1) fixative. The demonstration of alkaline phosphatase was made in sections 
of aleohol-fixed tissue at pa 9.2 by the Géméri method 


RESULTS 


Influence of Adenine on Growth—The growth of the rats fed 
adenine in their diets was greatly decreased as compared with the 


Taste 2.—Effects of Adenine on Rats: Experiments 1 to 3 





Gain (+) “A Average 
Duration Average Weights or Loss Kidney 
of in of Rate, Gm. (—) in b we. 
Exper., Diet, —_—_-o a Weight, x 1,000 
Days * Rats Initial Pinal Gm it. Bat We. 
Experiment | 
Stock 0 169 278 : . 292 
Stock 20th-soth 5 175 Ls . 6.67 
1F% casein i) 173 am 2.97 
1?% casein Soth-Joth J 175 
Protein-free ) 0 1 
Protein. free 20th doth 190 


Experiment 2 

Stock 2 0 15 157 
12% casein 0 5 170 
12% casein ) 10t b- 20th a 170 
12% casein 0 

12% casein loth 16th 

12% casein 3 0 

I?% casein ; loth. 13th 


Stoek 
Protein. free 
Protein. free 
27% casein 
w% casein 


growth of those fed the same diets without adenine, with the exception 
of groups 2 and 3 of experiment 4. The intake of adenine of group 4 
(per kilogram of body weight per day) was 261 mg.; this amount 
appears to be near the maximum intake that had no effect on growth 
(table 3) 

lhe greater the growth produced by the diets, the greater was the 
effect on growth when adenine was added; the greatest reduction 
resulted when adenine was added to the “stock diet,” the diet which 
alone was most conducive to growth. On the contrary, adenine added 
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to the “protein-free diet” caused only a small reduction in growth 
(table 2). 

Influence of Adenine on Size of Liver, Kidney and Thymus.— Liver : 
The data indicate that all doses ot adenine reduced the size of the liver 
(tables 2 and 3). Food restriction decreased liver size (group 6, 
table 3), but adenine caused an additional decrease. In groups | to 3, 
table 3, it may be seen that liver size was reduced when adenine was 
present in the diet although food intake and animal growth were not 
reduced 


Kidneys: All doses of adenine produced enlargement of the kidneys ; 
the enlargement became greater as the dose was increased (tables 2 
and 3). In some of the rats the two kidneys weighed more than the 
liver. With the smallest dose the kidneys had the normal color, but 


Taste 3.—Effects of Adenine on Rats: Experiment 4 








Food 
Consumed - 
per Kg. Adenine Gain(+) Average Average 
Adenine Rat per Kg Average Weights or Loss Liver Kiciney (1) 
in Wt. per Rat Wt. of Rats, Gm (—) in we. we. 
Group Diet, Day, per Day, -— a — Weight, x x 100 
(6 Rats in Each) % Gm." Mg.* Initial Final Gm. Rat Wt. Rat We. 


0 ™ 0 180 + 2% Ce) 3.04 
131 5 +a 4.19 4.78 

4.15 5.10 

4.07 8.31 

3.38 15.80 

“6 4 3.76 3.400 


* Each value i« based on the average of the initial and Gnal weights of the animals. 
+ The food intake of this group (6) was restricted to the amount consumed by group 5. 


with larger doses the color changed to dark cream mottled with red 
and gray areas. The highest level of adenine feeding enlarged the 
kidneys and reduced the liver in three days (experiment 2, table 2). 

As shown by microscopic examination, there appears to have been a 
progressive accumulation of crystalline substance in the kidneys. 
Precipitation apparently began in the distal convoluted tubules and 
increased with concentration of urine in the collecting tubules. Evidently 
the crystals injured the tubular epithelium and evoked an exudate 
containing many polymorphonuclear leukocytes and caused proliferation 
of the locally injured cells. There was evidence of obstruction of the 
tubules, with dilatation and pressure atrophy of the epithelium (figs. 1 
and 2 4 and B), Fibrosis accompanied the older lesions. The amount 
of crystalline material was great in the cortices of the kidneys of the 
rats receiving the largest amount of adenine, and it was small in the 
kidneys of the rats receiving the smallest dose. 
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The crystals in the renal tubules were probably uric acid.“ They 
were soluble in 2 per cent sodium carbonate solution and gave a positive 
reaction for uric acid by the method of Benedict and Franke* and a 
positive murexide reaction. 

lhe alkaline phosphatase activity in the proximal convoluted tubules 
was greatly reduced. In sections of normal rat kidney the brush border 
area of the lumen of the proximal convoluted tubules showed high 
alkaline phosphatase activity (fig. 2C and D). In the kidneys of the 
rats fed the largest dose of adenine the activity in this area was almost 
entirely absent (fig. 24 and B). The amount shown at the lower dose 
levels decreased as the dose of adenine increased. 


Fig. 1.—Crystalline deposits in tubules of renal cortex; x 160. 


Thymus: Adenine reduced the size of the thymus at all levels 
except 0.17 per cent, the amount of reduction increasing as the dose of 


adenine was increased. Reduced protein intake caused reduction of 


the thymus as shown in table 2, but the results shown in table 3 for 


groups 5 and 6 indicate that, in these experiments, adenine was chiefly 
responsible for the decrease in size of the thymus. 
Adenylic acid fed at a dietary level of 1.71 per cent had no 


significant effect on growth or on the weights of the liver, the kidneys 


la. After this paper was prepared, a publication by Bendich and co-workers 
appeared (J. Biol. Chem. 183:267, 1950) in which the crystalline masses found 
in kidneys of rats after administration of adenine were identified as 2,8-dioxyadenine 


> Benedict, S. R.. and Franke, | 1. Biol. Chem. §2:387, 1922 











Fig. 2.—Alkaline phosphatase in kidneys of rats fed diets containing adenine at 
different levels for fifteen days and in kidneys of controls (no adenine); « 375. 
A, 1.33 per cent adenine; B, 0.5 per cent adenine. The black deposits are assumed 
to be uric acid crystals. (The large black masses are crystalline deposits rather 
than representative of phosphatase activity.) C, no adenine; diet restricted to 
amount consumed by group 5 represented in A. D, no adenine; diet ad libitum 
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or the thymus (table 4). The alkaline phosphatase content of both 
nuclei and cytoplasm of the liver cells was reduced in amount. Forty- 
five milligrams of adenylic acid injected daily for fifteen days had no 
apparent effects similar to those produced by adenine. 


COMMENT 

In the normal course of purine metabolism in the rat, adenine is 
eliminated predominantly in the urine, as allantoin. In these experi- 
ments, apparently, purine catabolism in part, at least, was not carried 
beyond the uric acid stage. This may have been because the large 
amounts of adenine ingested resulted in more uric acid than could 
normally be degraded to allantoin, or because enzyme systems performing 
this function were disrupted. 


Taste 4.—Effects of Adenylic Acid on Rats 








Ratios 
—— - _ —_—_ A — 
Gain (+) Average Average 
Average Weights or Loss Liver Kidney (1) 
of Rats, Gm (—) in wt. we 
Adenylie = —————~*—_- —- Weight, < 100 x 1000 
Diet Acid Initial Final Gm. Rat Wt. Rat Wt. 


12% casein 0 148.6 ms + 229 4.02 4.08 

i2% casein 1.71% 145.0 10715 + 95 4.00 4.08 
(fed) 

12% easein e 91.0 +210 8.77 2.3 

I?%— casein 1 + 14.0 4.70 28 


45 mg. 
(injected) 





It appears that there were two sources of purine that contributed 
to the uric acid present in the kidneys: (1) the adenine fed in the diet 
and (2) purines from nucleic acids of the tissues. According to Brown, 
Roll, Plent! and Cavalieri,* adenine may be oxidized directly to allantoin 
without being incorporated into the nucleic acids. That the latter were 
probably the actual source is indicated by the amount of tissue lost 
from the thymus, an organ high in content of nucleic acids, and from 
the liver and possibly other tissues. 


SUMMARY 


Adenine was fed at various levels to rats for different periods. 
\ dietary level of 0.17 per cent adenine caused some enlargement of 
the kidneys and reduction of the size of the liver and the thymus. The 
maximum level that had no influence on growth was 0.33 per cent of 
the diet (261 mg. per kilogram of rat weight per day). Higher levels 


3. Brown, G. B.; Roll, P. M.; Plentl, A. A., and Cavalieri, L. F.: J. Biol. 
Chem. 172:469, 1948. 
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reduced growth in addition to causing enlargement of the kidneys and 
reduction of the size of the liver and the thymus. 

Crystalline deposits, probably uric acid, were observed in renal 
tubules of the rats which had been fed adenine. The amount of alkaline 


phosphatase in the proximal convoluted tubules of the kidney was 
greatly reduced as a result of adenine feeding, and thymic involution 
occurred. 


Doses of adenylic acid corresponding in adenine content to the doses 
of adenine that caused great enlargement of the kidneys, involution of 
the thymus and decrease of the size of the liver failed to elicit any of 
these effects. 











» PRIMARY CARDIOVASCULAR AMYLOIDOSIS 
Its Clinical Manifestations, Pathology and Histogenesis 


RUSSELL S. JONES, M.D. 
AND 
DONALD 8. FRAZIER, M.D. 
MEMPHIS, TENN 


RIMARY or atypical amyloidosis has been considered a rare dis- 

ease. The few reported cases have been reviewed by Koletsky and 
Stecher ' (1939), Lindsay * (1946) and Dahlin® (1949). The last 
author stated that 57 cases, including 6 of his own, have been reported. 
The heart is the predominant site of amyloid deposition, having been 
involved in at least 46 of 54 instances investigated at necropsy. We 
have found that primary amyloidosis involving the cardiovascular sys- 
tem is a fairly common condition, and we believe that its apparent 
rarity has been due to the failure of both clinical and pathologic recog- 
nition. The purpose of this paper is to present (1) the incidence of 
primary cardiovascular amyloidosis in our geographic area, (2) the 
significant clinical aspects, (3) the characteristic gross and microscopic 
features, (4) the histiogenesis and (5) the possible pathogenesis of this 
form of amyloidosis. 


INCIDENCE 


In this study, 14 of our 15 tabulated cases of primary amyloidosis 
were found in a total of 600 consecutive autopsies of persons over 20 
years of age, an incidence of 2.33 per cent. The incidence in autopsies 
of patients over 50 years of age, the age group in which all our cases 
of cardiovascular amyloidosis occurred, was 3.47 per cent 

In 300 of these autopsies the hearts were carefully examined grossly 
as a part of a separate study concerned with the relative weights of the 
myocardial chambers. During this gross study 6 cases of amyloidosis 
were observed and 2 suspected cases were verified by microscopic exam- 
ination. To obtain a truer incidence of this disease, the larger consecu- 
tive group of 600 adults coming to autopsy, incorporating the 300 hearts 


already examined, were studied by a review of the microsections. Five 


om the Division of Pathology and Bacteriology, University of Tennessee 
if Medicine and the John Gaston Hospital 

Koletsky, S., and Stecher, R. M Arch. Path. 27:267, 1939 

Lindsay, S Am. Heart J. 32:419, 1946 

Dahlin, D. ¢ Am. J. Path. 25:105, 1949 
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additional cases were found. Among these cases was | in which the 


amyloidosis was of a sufficiently high degree to have permitted gross 


recognition. Thus, approximately half of our cases were instances 


m of the disease. It is felt that multiple microsections of 
the h and particularly of the right atrium would have yielded a 
higher incidence of amyloidosis of the heart, especially of the milder 
form 


CLINICAI FINDINGS 


In many of the previously reported cases, the atypical amyloid was 
not limited to the heart and blood vessels but involved various other 
structures, such as skin, nerves, skeletal muscles, tendons, joints, serosal 
surfaces, tracheobronchial tree, kidneys, genitalia and bowel. The 
variety of symptoms and signs noted in the reported cases can be readily 
+) 


seen e following outline 


swellir 25 
hemorrhages 
membranes Nodular masses 
Autonomic: pupillary changes; impotence ; dysuria 
Peripheral : numbness ; paresthesias ! 
Weakness; macroglossia 
Stiffness: swelling: periar 
movement 
Nodular masses 
Pathologic fractures; collapse and narrowing of 
vertebral bodies; leukopenia and anemia 
Nodular swellings; obstruction with dyspnea 
Disseminated pulmonary lesions on roentgenograr 
Mild to marked cardiomegaly 
arrhythmias; low voltage in e! 
record; cor pulmonale 
Albuminuria; uremia 
Constipation; diarrhea steatorrhe: distention 
obstruction; anorexia lal Sez miting; ep 
gastric tenderness ; hematemesis; gastric ulcera 


tion; intestinal hemorrhage 


Amenorrhea; nodular masses; diffuse firmness 


than the electrocardiogram with evidence of low voltage and 

nias, laboratory studies yield no results of significance The 
d test is equivocal and hyperglobulinemia unusual 

linical diagnosis of cardiovascular amyloidosis has been based 

cutaneous, mucosal and other nodules or biopsy of an 

It may be seen from a survey of the clinical and 


in our tabulated cases that the svn ptornis 
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amyloidosis are due to involvement of the heart and the nerves, the 
predominant sites of the amyloid deposition. Since none of the patents 
in our cases had macroglossia or cutaneous and mucosal nodules some 
other basis of antemortem recognition must be found. 

Primary amyloidosis has no significant predilection for either sex, 
appears more common in the Negro race and occurs in patients over 
50 years of age in our series. While the mild form is of little imraedi- 
ate significance and could not have been diagnosed clinically, the severe 
form produced definite signs and symptoms and led to the patient’s 
death from myocardial failure in 2 cases. When the amyloid deposition 
in the heart is advanced, constituting over 50 per cent of the heart's 
bulk, the patient presents slowly progressive cardiac failure with mild 
to disturbing enlargement of the heart, normal to distant heart sounds, 
and-arrhythmias, particularly auricular fibrillation and ectopic systoles. 
The electrocardiogram may reveal low voltage, and either right or left 
axis deviation may or may not be seen. Paresthesias and numbness occur 
and become progressively worse. This syndrome must be distinguished 
from those of cardiac valvular lesions, coronary arteriosclerosis with 
myocardial ischemia, myocardial infarction, arterial hypertension with 
failure, chronic constrictive pericarditis and beriberi. In fact, these lesions 
may occur concomitantly with the deposition of amyloid. The elevated 
diastolic and systolic blood pressure was unassociated with any appreci- 
able visceral arteriolosclerosis. The mechanism of the fluctuating arterial 
hypertension is unknown; presumably, it is due to increased peripheral 
resistance. The vascular amyloidosis per se would not seem sufficient 
to increase the peripheral resistance. It is surprising that the cardiac 
muscle can function when encased and replaced by the great quantities 
of amyloid in the cases of severe involvement. 

The duration and the rate of development of cardiovascular amy 
loidosis are uncertain. It has varied from four months‘ to fourteen 
years' in the previously reported cases. In our cases of severe 
amyloidosis the involvement produced symptoms for two to six years 





and appeared to have been slowly progressive, without definite evidence 
of regressions or episodes of aggravation. It is probable that the rate of 
development varied with the different cases. The mild forms might 
never have become severe enough to produce symptoms. 

In 6 of our 15 cases the patients died of cerebrovascular accidents 
which appeared to be due to arteriosclerosis and thromboses; we found 
no amyloid deposits in the cerebral vessels. That the patients are poor 
anesthetic and surgical risks is emphasized by the case in which a 


patient died in shock shortly after a suprapubic prostatic resection. 


4. Koller, F.: Schweiz. med. Wehnschr. 18:522, 1932. 
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PATHOLOGIC OBSERVATIONS 


he important pathologic observations are tabulated There was 
good direct correlation between the symptoms and the degree of amy- 
loid in the myocardium and the nerves. In none of our cases were 
cutaneous, mucosal or periarticular nodules observed; in none was 
macroglossia or any significant disease process antecedent to the devel- 
ypment of amyloidosis. The heart was the predominant site of amyloid 
deposits and was the only structure with grossly detectable changes. 
seven cases were recognized on gross exammiaticon of the heart; 
2 other cases were suggested grossly and the diagnosis was confirmed 
by microscopic study; in 1 case the involvement was of such a degree 
histologically as to have permitted gross recognition, and the remain- 


ing 5 cases were instances of the mild form, detectable only by histologic 


stud When amyloid deposits were observed in the heart, the other 


viscera and tissues were carefully studied, although in many of the 
cases no histologic material of the ywue, the tendons or the joints 
was available In the 600 unselected autopsies of adults in which 
14 cases of primary amyloidosis were disclosed, 2 other cases of amy- 
loidosis of the heart were found; in one the patient had in addition 
tuberculosis and typical amyloidosis of the liver, the spleen and the 

‘ nd in the other the patient was without any associated disease 


losis in the adrenal glands, the spleen, lymph nodes and 


vlou 
he latter case is milar to many ol the reported cases 
unyloidosis but due to the confusion of nomenclature, as 
inder the subsequent discussion of the pathogenesis, the 
s was actually a “mixed” type and the case was not included 

sent series but utilized for comparative studies 
there is a significant degree of cardiovascular amyloidosis, 
is enlarged to a mild or a moderate degree with a uniform 
the bulk of all the chamber walls The myocardium is of 
firm consistency, and when blood is emptied from the cardiac 
bers their walls do not coll: especially noticeable in 
in-walled auricles The made by sectioning disclose a 
reddish brown tissue with a pale grayish cast and a sugges- 
waxiness, glariness or semitranslucency The usual distinct- 
muscle bundles is no longer present. Formaldehyde fixation 
the heart definitely accentuates the firmness and makes the amyloid 
deposits more visible as pale grayish tan material among the myocardial 
bundle In the cases of the most severe type the amyloid constitutes 
S per cent of the bulk of the chamber wall. When the weight 
umyloid is deducted from the total cardiac weight, the estimated 
the remaining myocardial tissue is usually no greater and often 


£ 
ibly less than the normal cardiac weight 
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endocardial surface of the right atrium showing glairy, sandlike 


Fig. 1.-—A, 
amyloid deposits 

B, endocardial amyloid deposits magnified to show in detail their minute size, 
coalescence, refractility and semitranslucency. In the scale shown below, each 
space represents 1 mm 

C, iodine-stained amyloid deposits in the right ventricular myocardium and 
endocardium Note 1 mm. scale below 


D, rounded amyloid masses in an autonomic nerve. Reticulum stain; x 0. 
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The surface was made by sectioning 
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The endocardial deposits of amyloid appear as many pale grayish 
tan granules which project above the endocardial surface and give the 
appearance of minute sandlike particles. After fixation these minute 
particles are most easily seen as firm, rounded, semitranslucent 
granules, which are usually less than 0.5 mm. in diameter and which 
frequently coalesce to form roughened plaques. The granules are more 
easily seen in the thin endocardium of the right auricle and are some- 
what obscured by the thicker endocardium of the left. Even so, the 
granules are far more frequent in the right auricular endocardium, 
especially in the region of the interauricular septum and near the cor- 
onary sinus, as well as over the auricular surface of the tricuspid valve. 
When the amyloid deposits of the myocardium are not sufficient to 
produce any increased consistency on gross examination, the endocardial 
deposits in the right auricular endocardium may aid in the detection 
of the mild form. Usually these endocardial deposits are associated 
with myocardial amyloid in the right auricle but there is no uniformity 
of involvement of the various chamber walls. The right auricle usually 
contains the most amyloid, but in some of the severe cases the left 
ventricle was the site of great involvement. On the basis of our 15 cases 
we tentatively propose the following sequence and severity of amyloid 
involvement: right auricle, tricuspid valve, left auricle, left ventricle, 
right ventricle, mitral and semilunar valves. It should be noted that one 


of the patients had amyloid deposition only in the small coronary 
arteries. 


Microscopically, the amyloid deposits occur as small focal masses 
or as a general diffuse investment of myocardial fibers, or both forms 
may be present. In all of our cases the involvement was focal; even 
in the most severe amyloidosis small areas of the myocardium were 
spared. The focal masses generally do not have sharp borders but — 
gradually merge into the uninvolved myocardium. The amyloid invests 
the individual myocardial fibers, forming a definite ring about them. 
As the ring thickens, the myocardial cell decreases in size and eventually 
disappears, occasionally leaving a minute space in the amyloid to repre- 
sent its former site. As the mosaic of ringlike structures enlarges in 
size, the centrally located amyloid increases in staining intensity. In 
the endocardium the small amyloid deposits occur at any depth, 
but the larger deposits may occupy and expand all layers and bulge into 
the chamber without interruption of the endothelium and without depo- 
sition of fibrin. In arteries and veins the amyloid is found in the media 
or the intima or in both and may bulge into the lumen. Some of the 
smaller deposits appear to be resting on the inner surface of the elas- 
tica interna. In only one vessel was amyloid found in the adventitia. 
Generally the vascular amyloid deposits are focal, and a single deposit 
never occupies over half of the vessel's circumference. However, the 
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amyloid was occasionally so abundant as to produce a large solid mass 
obscuring the vessel's former wall and lumen. In the case in which 
amyloid was found only in the small coronary arteries, the entire cir- 
cumference of the vessel was involved but the lumen was not obliterated 
In the epicardium the fat cells are encased in amyloid, but the 
process is again focal rather than diffuse. In the pulmonary alveolar 
walls the nodular or plaquelike thickenings are most frequent at the 
infoldings of the alveolar and atrial walls. Rounded and irregular masses 
id replace and focally expand the autonomic and peripheral 
In the smooth muscle of bowel, bronchus and urinary bladder 
irrangement of muscle-investing amyloid deposits resembles 
myocardium. In the one case in which mild amyloid depo 
observed in the skeletal muscle, it had this same morpho 

logic appearance 
Various stains were used to study the amyloid material. When 
‘ | 


Stained 


with hematoxylin and eosin this homogeneous, slightly refrac 


tile material has a violaceous tint which aids in distinguishing it from 


other eosinophilic connective tissue structures, such as small masses 


of elastic tissue in the endocardium, small hyaline scars in the myo 
cardium, and collagen and reticulin increases at valve bases, about myo 
cardial arteries and around the peripheral cells of myocardial bundles 
lodine-acid treatment stains the amyloid in formaldehyde-fixed material 
a deep mahogany brown. Congo red stains specifically, although with 
varying intensity. The amyloid is colored red with periodic acid and 
leukofuchsin (Schiff-Feulgen) stain, orange with phosphotungstic acid 


ile orange in some areas on intense staining with sudan. The 


lhydrazine reaction for plasmals was negative.“ 


eckofuchsin method of Feulgen “stains” im frozen sections certain 
md in elastic fibers, muscles, kidney, liver, thyroid gland, epithelium 


corpus luteum, myelin sheaths and fat cells These substances 


Footnote cOntinued on neat page 
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EXPLANATION OF FicuRt 


2 1, small endocardial and many myocardial deposits of amyloid, Silver 
icroaniline blue stain; x @ 
higher magnification of the small endocardial deposit of amyloid shown in 
{. Note the coarse and straightened reticulum fibers passing through the amyloid 
Silver-Van Gieson stain; x 250 
another endocardial deposit of amyloid, with the adjacent clear zone con 
taining indistinct masses. Coarse reticulum fibers are readily seen in the amyloid 
and some fine-elastic fibers may be seen as pale threadlike bands. x 500 
D, amyloid surrounds the unstained myocardial cells, some of which are 
greatly reduced in size. Silver-Van Gieson stain; x 250 
E, amyloid is seen on either side of the coarsened and sometimes interrupted 
um fibers. Silver-orcein-picroaniline blue stain; « 950 
uninvolved areas between the amyloid deposits frequently show thickened 
lum fibers. Myocardial cells are stained. Silver-orcein-picroaniline blue 


750 


' 
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The intimate association of altered reticulum and amyloid was 
revealed by silver impregnation for reticulum combined either with 
Van Gieson’s connective tissue stain or with orcein and picroaniline blue 
for elastic fibers and collagen, respectively. 


HISTOGENESIS 


Without controlled animal experiments the histogenesis must be 
reconstructed from our autopsies and from the previously reported 
cases. A histogenesis sc based cannot be exact since we do not know 
the rate or the manner of amyloid formation. For example, in one of 
the cases of mild amyloidosis without referable symptoms the patient 
could have died from other causes in the early stage of a slowly or 
rapidly progressive disease or in the regressive phase following an 
episode of amyloid deposition. The progressive character of the cardiac 
and neurologic symptoms in the cases of severe amyloidosis does sug- 
gest that deposition of amyloid is continuous, but it is still quite prob- 
able that there are wide variations in the rate of formation of amyloid 
in the different as well as in the same cases. 

In the heart there is a constant association of atypical amyloid 
deposits and reticulum or altered reticulum which we consider a most 
significant morphologic feature in the histogenesis of this disease. There 
are variations in this association apparently depending on the rate of 
development. In some of the cases of mild involvement the perimysial 
reticulum thickens, irregularly loses its argyrophilia and becomes 
amyloid. For example, in a focal zone of muscle-investing, ringlike 
structures, the adjacent reticulum is thickened and uniformly argy- 
rophilic, the peripheral rings show a thickening and irregular argyro- 
philia while the central amyloid rings have lost their argyrophilia. This 
is not unlike the observations of Koller,* who described amyloid 


deposits in the perimysium replacing the reticulum or pressing it 
against the cell membrane. 


In the cases of severe cardiovascular amyloidosis the reticulum 
becomes thicker and irregular. Fluid, appearing as clear zones histo- 
logically, accumulates on either side of the reticulum. Minute, irregu- 
lar, faintly staining floccules accumulate in the clear zone and gradually 
condense into a homogeneous, refractile, eosinophilic mass. The process 
continues peripherally with the accumulation of more fluid and floccules 
which again condense or agglomerate into a dense mass. An expand- 


giving the Feulgen “plasma!” reaction are thought to be the same substances 
demonstrated by the phenylhydrazine reaction. R. D. Lillie (Histopathologic 
Technic, Philadelphia, The Blakiston Company, 1948, p. 174-176) uses the term 
“plasmalogens.” Chemically they are acetals of fatty aldehydes bound to colamine 
glycerophosphate 
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ing, irregularly rounded mass thus results and is seen as a nodular 
enlargement along a nerve or as multiple nodular grunules in the 
endocardium. Groups of myocardial cells are invested, become reduced 
in size and eventually disappear. Capillaries are no longer distinguish- 
able. Meanwhile, the originally thickened, argyrophilic reticulum dis- 
appears or fragments, often with the result that rows of short uniform 
and parallel segments are left lying obliquely to the former course of 
the reticulum fiber. Short, thick, irregular segments of reticulin 
embedded in amyloid are also common. The amyloid with or without 
reticulum remnants seemingly penetrates into the cytoplasm of the 
myocardial cell in the same manner as did the former reticulum 
fibers. In the endocardium the thickened, argyrophilic fibers extend 
beyond the zone of amyloid, through the adjacent zone of “edema,” and 
lose their argyrophilia as they merge with the collagen fibers. It is 
possible that this argyrophilia and “edema” are artefactual changes due 


to the presence of the amyloid, but there is no doubt as to the 
thickening of the fibers. Such thickened, argyrophilic fibers often have 
many fine lateral branches extending into the amyloid deposits. In 
blood vessels the thickened, straightened and fragmented argyruphilic 
fibers are seen within and beyond the amyloid material. In the nerves 
the argyrophilic fibers do not appear thickened, but in adipose tissue the 


deposition of amyloid occurs with either a thickening or a disappearance 
of reticulin, the latter being the more frequent. In none of our cases 
did we encounter any giant cell formation about amyloid deposits, and 
in none of the cases did we find the bone or marrow transformation 
described by Koletsky and Stecher.* 

There does not appear to be any primary morphologic association 
between amyloid and elastic fibers or between amyloid and capillaries. 
The relationship of capillaries and reticulum is considered under the 
discussion of the pathogenesis of atypical amyloidosis. 


PATHOGENESIS 


The pathogenesis of amyloidosis is so obscure that the various 
associations are best indicated by a general outline such as the fol- 
lowing : 

Amyloid 

Classification of amyloid 
Chemical nature of amyloid 
Antigen-antibody concept 
Morphologic factors 
Muscle, metabolic and functional aspects 
Reticulum, origin, nature and alterations 
Extracellular substances, hyaluronic acid, mucopolysaccharides and 
“ground substance” 











PATHOLOGY 
liseases of connective tissue and cardiovascular system 
Collagen diseases” 
Fibrosis 
Calcific valvular disease 
Lambl’s excrescences 
gic or inciting factors 
Experimental production 
Nutritional deficiencies 
i xogenous injurious agents 
Age 
\myloidosis has been classified into four groups® as follows: (1) 
} ? 


secondary amyloidosis, (2) primary amyloidosis, (3) amyloidosis 


associated with multiple myeloma, (4) tumor-forming amyloidosis 
rhe term “secondary” infers that the amyloidosis follows another dis- 
ease process, generally chronic suppuration or tuberculosis. The main 
amyloid deposition is stated to be about the subendothelial zone of 
laries and arterioles in parenchymatous organs such as the spleen, 

er, the kidneys and the adrenal glands. Primary amyloidosis is 
ociated with any chronic inflammatory disease and principally 

es the cardiac, smooth and striated muscle, the skin, the lungs 

ues of mesodermal origin. Among some of the eponyms for 
primary” are “idiopathic,” “atypical” and “para-amyloid,” 

name suggesting another feature frequently found in primary 

the variable or atypical staimi of the amyloid substance 

Che foregoing classification is based on a mixture of causal relations 
and morphologic aspects. King’s* simpler classification, based on 
inatomic site and the presence of associated disease, divides amyloidosis 
nto two major types, (1) typical and (2) atypical, in which “typical” 
designates the involvement of parenchymatous organs and “atypical” 
ement of the mesenchymal tissues. The subgroups of either of 

) associated with other disease and (/) not associated 

In many of the previously reported cases of primary 

unyloidosis the condition has been associated with other 

or has been of a mixed parenchymatous and mesenchymatous 

cases of tuberculosis the amyloidosis may be of this mixed 

on, while in those of multiple myeloma‘ it may be of tumor, 
secondary or mixed form. From such facts we may conclude 

site of deposition of amyloid is not always determined by the 
presence or the absence of associated disease and that the different forms 


have imilar if not identical pathogenesis 


Anat. 271:867, 1929 
An Patl :977 


158:281, 1945 
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named because of its starchlike reaction to iodine and 
Hass * inves- 


Amvloid, so 


acid, is apparently a polysaccharide-containing protein 


tigated material exemplifying parenchymatous amyloidosis of man and 


unimals for its polysaccharide content, solubility, iodine and congo red 
staining but apparently did not study the atypical amyloid. All the 
eosinophilic extracellular homogeneous nonfibrillar substances which 


r 
larly with congo red, iodine and acid, and methyl! violet have 


imitar 
heen classified as amyloid. Morphologic and staining similarities perhaps 


fy this broad application of the term “amyloid” but do not prove 
Their 


umon chemical feature may be that they are extracellular proteins 
“stain” with iodine-acid, congo 


f composition or formation of these substances 


TI Or 


vith free aldehyde groups which react or 
red, silver salts* and leukofuchsin. In explaining the periodic acid 
leukofuchsin stain Hotchkiss ® has shown that free aldehydes result from 


the action of periodic acid on the 1, 2 glycol linkages. Thus, the aldehyde 
| gt) £ ; 


groups already present in, or produced by periodic acid action on, 


amvloid and various tissue structures react with the leukofuchsin and 
stain them with the recolored fuchsin 

The most pervasive of the concepts of amyloidosis concerns the 
late that proteins are precipitated in an antigen-antibody reaction 
is based on (1) the frequent association of typical amyloi 
their 


oncerit 
nd chronic suppurative or tuberculous processes with 
prolonged stimulation of antibody formation, (2) the significant incidence 
amyloidosis in horses given frequent injections of diphtheria toxin for 
production of high titer antitoxin and (3) the in vitro precipitin 
between antigens and antibody-containing serum \ circu 

gen could react with the antibody in the blood stream, the 


fluid, the parenchymal cells or the mesenchymal structures. 
Koucky and Eklund ® extended the related postulate of 
| excess proteins *° to offer a possible explanation for the differ 
alizations of amyloid. In the atypical or primary form the amyloid 
loped and deposited locally in tissues of mesodermal origin, while 
secondary form the amyloid is deposited in organs especially con 
th the removal of the abnormal excess substances from the 
There must be many unknown aspects of the in vivo physico 
nmune responses 
of the signs and symptoms of anaphylactic, allergic or foreign 


sponses are related to muscle cells. The symptoms of allergy 


Arch. Path. 34:92, 1942. Hass, G. M., Huntington, R.. and 
Ibid. 35:226, 1943 
R. D Arch. Biochem. 16:131, 1948 

uczynski, M. H Virchows Arch. f. path. Anat. 289:185,. 1922. 


Arch. Path. 1:25, 1925 
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may be due to the antigen-antibody reactions in or about the smooth 
muscle of bronchi, bowel or blood vessels. Such symptoms as muscular 
aches and pains, malaise and asthenia which occur in various infections 
and foreign protein reactions seem to be related to the skeletal muscu- 
lature by unexplained mechanisms. The deposition of amyloid may be 
one form of this response of muscle tissue. In our cases the amyloid 
was most abundant in the heart and arteries, the most active muscular 
tissue of the body. 

As stated in the discussion of the histogenesis, the most constant 
association of atypical amyloid is with reticulum. Since reticulum is 
so widespread throughout the body, it alone can scarcely explain the 
specific localization of amyloid, but it may still play a significant role. 
The reticulum is surrounded by, and possibly altered prior to, the 
deposition of amyloid. Very little is known about reticulum. It is char- 
acterized as argyrophilic closed fibrillary networks occupying the inter- 
cellular space and investing muscle, epithelial structures and capillaries. 
Reticulum is distinguished from collagen by the latter’s coarseness and 
brownish coloration with silver stains, Foot" believing that there is a 
chemical difference and Mallory and Parker ** maintaining that there is 
a difference in physical state. Doljanski and Roulet,"* using tissue 
cultures, observed the production of argyrophilic fibers derived from the 
culture medium under the influence of a factor elaborated by fibroblasts. 
The medium could contain either fibrin or various types of “albuminoid” 
substrates. It has not been definitely shown that the basic reticulum of 
the body is the same as the reticulin of tissue cultures or of inflammatory 
responses. In some body organs, free from disease, the “basic” reticulum 
network may be entirely devoid of fibroblasts or mesenchymal cells other 
than vascular endothelium.** 

There is, of course, an intimate morphologic association of reticulin 
and vascular endothelium. It is thought that vascular endothelium alone 
may produce argyrophilic fibrils in the absence of any other mesenchymal 
cells; the blood vessels may produce a substrate, or tissue fluid, which 
can be transformed into argyrophilic fibrils, and these fibrils may pass 
from the region of the capillaries into the adjoining tissue. In our cases 
myocardial amyloid was observed on either side of the reticulum, even 
where it penetrated into or was surrounded by infolded myocardial 
cytoplasm well away from any discernible capillaries. It therefore 
appeared that the amyloid was more related to the reticulum than to 
capillaries 


11. Foot, N. C Am. J. Path. 4:525, 1928 

12. Mallory, F. B., and Parker, F., Jr Am. J. Path. $:515, 1927 

13. Doljanski, L., and Roulet, F.: Virchows Arch. f. path. Anat. 291:260, 1933. 
14. Day, T. D J]. Path. & Bact. 43:49, 1936 
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The reticulum may be only a supportive or “connecting” tissue, but 
since it does separate the parenchymatous and inuscle cells from the 
blood stream it could play an active role in cellular metabolism by aiding 
or inhibiting the transfer of various substances in either direction 
between the blood streams and the cells. As an example, the dynamic 
aspect of protein metabolism '* with the constant interchange of amino 
acids necessitates that amino acids or their complexes be continuously 
transferred back and forth across the reticulum. 

Concerning various extracellular substances information is almost as 
limited as knowledge of reticulin formation and function. Of these extra- 
cellular homogeneous and metachromatic substances, the mucopoly- 
saccharides appear to be of greatest significance. These polymerized 
substances ** have a basic chemical similarity in their content of 
hexosamines. Simple mucopolysaccharides contain nitrogen-acylated 
hexosamine combined with other carbohydrates, and uronic or hexonic 
acids, while complex mucopolysaccharides contain in addition sulfuric or 
phosphoric acid radicals or lipids. Hyaluronic acid, a simple mucopoly- 
saccharide, occurs in the dissociated form, while chondroitinsulfuric acid 
forms a complex mucopolysaccharide, probably by combining with 
specific proteins. Amyloid could be a mucopolysaccharide combined with 
a variety of different proteins including those of reticulin as well as those 
involved in the antigen-antibody reactions. This is not unlike the older 
concept of a chondroitin-sulfuric acid content of amyloid material.*% The 
similarity of physical properties, polysaccharide content and extracellular 
location of the mucopolysaccharides and amyloid suggests a close 
relationship. The possibility of such a relationship is enhanced by the 
observation that collagen and reticulin develop from metachromatic 
extracellular material which Wolbach ** has termed “amorphous coll- 
agen.” Apparently ascorbic acid is essential for this formation of the 
mucopolysaccharides, reticulin and collagen but not for the proliferation 
and migration of fibroblasts."* Experimentally, in guinea pigs on a scor- 
butic diet amyloidosis of the spleen, liver and adrenals may have 
developed.'* 

Altshuler and Angevine * have proposed that the fibrinoid degener- 
ation in rheumatic fever, rheumatoid arthritis, disseminated lupus 


15. Whipple, G. H., and Madden, S. C.: Medicine 23:215, 1944. 

16. Meyer, K.: Mucoids and Glycoproteins, in Anson, M. L., and Edsall, J. T.: 
Advances in Protein Chemistry. New York, Academic Press, Inc., 1945, vol. 2, 
. 249. 
< 17. Wolbach, S. B.: Am. J. Path. 9:689, 1933. 

18. Penny, J. R., and Balfour, B. M.: J. Path. & Bact. 61:171, 1949. Wol- 
bach.?7 

19. Pirani, C. L., and Bly, C.G.: Am. J. Path. 28:822, 1949, 

20. Altshuler, C. H., and Angevine, D. M.: Am. J. Path. 28: 1061, 1949. 
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erythematosus and other diseases is a precipitation of acid mucopoly- 
saccharides of the connective tissue ground substance. It is possible that 
there is some basic similarity between amyloidosis and the “collagen 
diseases,’ as they are termed by Klemperer.** That amyloidosis occurs 
in rheumatic, fever,** Still’s disease (multiple rheumatoid arthritis )** and 


rheumatoid arthritis ** 


is well known. Teilum*™* has postulated an 
‘allergic hyperglobinosis” and “hyalinosis” (paramyloid) in diseases 
such as dermatomyositis, disseminated lupus erythematosus, scleroderma 
and periarteritis nodosa as well as in Letterer-Siwe disease, Boeck’s 
sarcoid and even sulfonamide reactions. Certainly, there is some relation 
ship between altered or increased globulins or both, connective tissue 
changes and plasmacytes, but the specific mechanisms of this inter 
relation shiy are vet to be discovered 
\Ithough amyloid and hyalin are similar morphologically, there does 
ippear to be any pathogenetic relationship. From the study of our 
small series of cases we have tentatively concluded that the development 
amyloidosis does not prevent the formation of fibrous and hyaline 
sue consequent to their usual causes. Amyloidosis does not appear 
stimulate collagen formation Amyloid material could be observed 


nnective structures, but fibrosis did not occur al 


out amyloid 
appears to be no close association of any specific heart disease 
liovascular amyloidosis There are only two types of cardia 
which might have a significant association with amyloidosis 
calcific valvular disease and Lambl’s excrescences. Karsner 
sky found calcific aortic disease in 6.7 per cent of their 
with the highest incidence in the seventh decade for males 
th decade for females ie dise: is approximately four 
ymmon in the white as in the Negro race In 2 of our 15 


13.3 per cent, there was calcific aortic disease ere is some 


lance of amyloid to the rounded amorphous eosinophilic masses 


calcium is deposited at the aortic valve or the mitral ring. We 
und amyloid in valves and valve bases. In Koletsky’s case the 


amvloid masses in the valves underwent cartilage and bone 


Path. 24:3 
and Koletsky 


ippincott Company 
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ur cases of mildcr amyloidosis the whiskers or Lambl’s excre 
ceurred at about the same areas as the endocardial deposits 
in the right auricular and tricuspid valve endocardium. Magarey * has 


found these filiform tags in the mitral valve in over 85 per cent of 250 
routine autopsies. Their incidence increased with age. They were 
unassociated with any other disease, occurred at the line of valve closure 
’ 


and 


fib 


ipparently resulted from repeated deposition and organization of 
rin on the valve Surface. Lambl’s excrescences, therefore, do not 
appear to have any definite association with cardiovascular amyloidosis 


Most concepts of the pathogenesis of amyloidosis are based on some 


exter! 


al injurious agent such as bacterial or other proteins*® which 
7 


lular, plasma or interstitial proteins causing them to be deposited 


aiter ce 


in various tissues. This thesis has considerable support from the typical 
nyloidosis occurring in man and the experimental amyloidosis of 
or typical varieties produced in animals by injecting bacteria * 
by inducing diseases such as leishmaniasis ** and by the 
ministration of casein.*® Nearly all these are associated with hyper- 
ulinemia or presence of altered globulins. However, Dick ** concluded 
tors other than hyperglobulinemia are necessary for the develop- 
unyloidosis and has observed that when the hyperproteinemia 
ishes, typical amyloidosis develops. This suggests that the protein 
sited in the tissue and fails to enter the blood stream. Thus a 
normal protein level may be expected in amyloidosis 
ere is a possibility that nutritional deficiencies may play a role im 
dosis. Beriberi, which affects the heart and the nerves, is clinically 
cardiovascular-neural amyloidosis. The role of ascorbic acid 
polysaccharides and reticulin formation has already been dis 
Vitamin E deficiency ** apparently produces myocardial scarring 
imyloidosis in animals. The casein diet of experimental animals 
roduce not only a protein excess but an amino acid imbalance or 
ney. If atypical amyloidosis is so much more common in our 
aphic area, it may be related to the apparent dietary deficiency, 
especially among the rural and colored population, who reputedly subsist 


i basic diet of white cornmeal, molasses, salt pork and overcooked 


]. Path. & Bact. 61:203, 1949 
, and Leiter, I Am. J. Path. 17:741, 1941 


rn, A.: Van Dyke, H. B.; Pyles, W. J., and Tupikova, N. A Prox 
siol. & Med. 61:25, 194¢ 


ryzel, H. G.: Jacobi, M.: Warshall B Bogin, M., and Bolker, H 
17:50, 1934. Kuczynski..% Jaffe.’ 


Ww. I Shute, E. U., and Vogelsang, A Ann. Int. Med. 30: 1004, 
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There is no evidence of any prolonged antecedent drug therapy, 
toxin administration or chronic illnesses in our cases of amyloidosis. 
Digitalis and mersalyl U.S. P. (salyrgan®) were given only after cardiac 
failure had developed in the cases of amyloidosis and seemed to be of 
some mild beneficial value. Whether or not such drugs altered the rate 
of formation of amyloid is unknown. No significant association of 
syphilis and amyloidosis could be found in our cases unless it was a 
negative association, since the incidence of seropositive syphilis is 
approximately 20 per cent in our series of autopsies of Negro adults. 
There is one disease, chronic brucellosis, which is not uncommon * in 
our geographic area and which has not been excluded as a possible 
factor in the development of atypical amyloidosis. 

All of our cases concerned persons over 50 years of age. The ages 
of the patients in the previously reported cases of atypical amyloidosis 
also averaged over 50 years. Thus age must have some bearing on the 
development of the amyloidosis, but the mechanisms through which 
aging could influence this disease are as obscure as the processes of 
senescence and the so-called degenerative diseases, including hyper- 
trophic arthritis, pseudoelastosis of the skin, cataracts and arterio- 
sclerosis. 

SUMMARY 


Atypical amyloidosis, primarily involving the heart and blood vessels, 
occurs with unusual frequency in West Tennessee, an incidence of 2.33 
per cent having been observed in 600 consecutive autopsies of adults. It 
is suggested that a similar incidence may be found in other geographic 
areas when the clinical picture and the pathologic changes become more 
familiar. 

Clinically, a 50 year old person of either sex who is usually without 
evidence of previous arterial hypertension begins to suffer from cardiac 
failure, cardiac enlargement and paresthesias, has a low voltage electro- 
cardiogram, responds poorly to digitalis therapy and dies several years 
after the onset of symptoms. 

Because amyloid is being deposited in the heart, the myocardium 
becomes firm and stiff and the endocardium granular and plaqued, 
especially over the right auricle and the tricuspid valve. 

\ proposed histogenesis of atypical amyloidosis stresses the obser- 
vation that the amyloid is deposited in and about altered reticulum. 
There is no direct association of amyloid and capillaries, but the relation 
of reticulin and vascular endothelium is discussed. 

It is suggested that the amyloid substances may be quite diverse and 
related to one another only as manifestations of an alteration of a basic 
extracellular mucopolysaccharide-reticulin response. 

32. McVay, L. V.; Guthrie, F.; Michelson, I. D., and Sprunt, D. H.: Proc. 
Soc. Exper. Biol. & Med. 68:607, 1948. 





EFFECTS OF VITAMIN E DEFICIENCY AND COD LIVER 
OlL ON MYOPATHY IN MICE 


CHARLES E. TOBIN, Ph.D. 
ROCHESTER, WN. Y. 


HAT VITAMIN E deficiency is related to locomotor disturbances 

and muscular dystrophy in many species, particularly the herbivora, 
has been well established since this phenomenon was first described for 
the rat’ and the myopathy shown to be a process of necrosis.* Mice, 
however, appear to be an exception, for when this species is subjected to 
vitamin E (tocopherol) deficiency paralysis does not develop during the 
late weaning period, when it is so prevalent in rats, and in only a 
relatively small number (15 to 20 per cent) does hyaline necrosis of 
skeletal muscles develop when the mice are fed diets such as those usually 
used: for producing vitamin E deficiency in the rat.* 

In addition to tocopherol deficiency, large amounts of unsaturated fat 
in the diet, particularly cod liver oil, are known to be instrumental in 
the production of paralysis and muscular necrosis in several species 
as shown by many investigators, whose observations have been sum- 


marized in reviews by Pappenheimer ** and Mason.“ Experiments 
were undertaken, therefore, to test the effects of varying amounts of cod 
liver in tocopherol-deficient diets on the skeletal musculature, with 
ancillary observations on other tissues, of mice. 


MATERIAL AND METHODS 


Mice of the Swiss albino, C57 black and rhino recessive strains * were used in 
approximately equal numbers for each experimental group. The animals were 


From the Department of Anatomy, University of Rochester School of Medicine 
and Dentistry. 

1. Evans, H. M., and Burr, G. O.: J. Biol. Chem. 76:273, 1928. 

2. Olcott, H. S.: J. Nutrition 18:221, 1938. 

3. Bryan, W. L., and Mason, K. E.: Am. J. Physiol. 181:263, 1940. Goettsch, 
M.: J. Nutrition 28:513, 1942. Pappenheimer, A. M.: Am. J. Path. 18:169, 
1942 

4. (a) Pappenheimer, A. M.: Physiol. Rev. 28:37, 1943. (b) Mason, K. E., 
in Harris, R. S. and Thimann, K. V., editors: Vitamins and Hormones 
Advances in Research and Applications, New York, Academic Press, Inc., 1944, 
vol. 2, p. 107. 

5. The Swiss albino, C57 black, and rhino recessive strains were supplied by 
Dr. E. P. Offutt, of the department of bacteriology of the University of Rochester 
School of Medicine and Dentistry, Dr. L. C. Strong, of the department of Anatomy 
of Yale Medical School, and Dr. F. C. Fraser, of the department of genetics of 
McGill University, respectively 
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shavings in glass jars and fed a commercial stock diet and water ad 
ire unmitorm and low tocopherol levels in the experimental animals 
deficient diet containing 2 per cent cod liver oil was fed to their 
the last half of pregnancy This diet was continued for some of 


ts containing 10 or 20 per cent cod 
# delivery. Control mice received a supplement of mixed 
5 cc. being administered orally three times weekly to the 
livery and to the offspring beginning at the eighth day 

with illuminating gas after varying periods of feeding 

of the diaphragm, the pectoral and adductor mus 
minal and pelvic organs were fixed in Zenker’s fluid 
stained 


were sectioned in paraffin at 10 microns 


fast) stain and counterstained with Ehrlich’s 
were fixed by perfusing the vertebral canal with, 
e vertebral column in cent solutior { formalde 
f the cervical, thore and lumbar regions of the cord 
and stained by Weil's rapid 


n tor 


segments 
sectioned in parafhn 
ns Adjacent sections were stained with gallocyal 


Nissl substance 


OBSERVATIONS ON MYOPATHY 


Cod Lwer Ou No locomotor disturbances were 
> 


nice fed the diet cx ntaining < per cent cod liver oil, 


few degenerate muscle fibers were found in 15 per cent of 


In the younger animals there was hyaline degeneration of 
fibers, whereas in older animals the fibers frequently contained 
laced sarcolemmal nuclei, disposed singly or as groups alined 

changes are regarded as evidence of only a 
therefore are not illustrated. No such 


vere observed in 25 other mice fed this diet and given toco- 
illy (table ) 

Cod Lwer Ou,—Paralysis was observed in 17 per cent 

fed the diet containing 10 per cent cod liver oil. It was 


and occurred at about the same time as, late weaning 


in tocopherol-deficient rats; the onset was acute and most 
hetween the sixteenth and thirty-sixth davs of age. Externally 


showed muscular weakness, clenching of the paws, tremors, 


of mixed tocopherols, prepared from 


concentrate 


f oil, was supplied by Distillation 





{MIN DEFICIENC) iN] 


straddling gate, dragging of the hindlimbs and edema over the parieto- 
occipital region (fig. 1). Approximately one-half the number of animals 
showing paralysis died while the symptoms were acute. Their muscles 
contained extensive areas of degeneration. Those which showed spon- 
taneous recovery, and even the 83 per cent not exhibiting paralysis, 
had extensive areas of necrosis in their muscles. As described for other 


species, this necrosis consisted of early hyaline degeneration, loss of 


} 


A 








l \ 31 day old mouse showing the straddling gate and the clenching of the 
haracteristic of the paralysis resulting from a tocopherol-deficient diet con 
per cent cod liver oil (x 1) 1, dorsal view. 8B, lateral view. In B 
nching of the paws and the edematous area over the parieto-occipital 


lations, segmentation and clumping of the sarcoplasm, collapse of 
olemmal sheaths and formation of giant cells. Focal areas of calcifi- 
were also observed within degenerate fibers. The reparative 
were characterized by proliferation of sarcolemmal nuclei, 


of sarcoplasm and striations (fig. 2). The paralysis and 





Fig. 2 


Photomicrographs (x 340) of paraffin sections through striated muscle, 
stained with Kinyoun’s carbolfuchsin (acid-fast) stain and Ehrlich’s acid hema- 


toxylin, from animals fed a tocopherol-deficient diet containing 10 per cent cod 
liver oil 


A 


transverse section showing enlarged sarcolemmal nuclei and degenerating 


muscle fibers with centrally placed nuclei, among normal muscle fibers (N), from 
a 14 day old mouse 
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muscular necrosis were prevented by tocopherols administered to 52 
mice fed this diet (table). 

Twenty per Cent Cod Liver Oil.—Raising the level of cod liver oil 
to 20 per cent of the diet for 58 young mice resulted in early death, as 
well as paralysis in those mice which survived the first postnatal week 
(table). Extensive degeneration was found in their muscles, more 
severe than, but comparable to, that observed in the animals fed the 
diet containing 10 per cent cod liver oil. Tocopherols were not adminis- 
tered to mice receiving this diet, since the majority of these animals died 
before they were old enough to permit oral therapy. 


Effects of Cod Liver Oil in Tocopherol-Deficient Diets on Survival and 
M yopathy 


Percentage Surviving 
Stated Number Percentage 
Percentage Number of Percentage with 


of Cod Liver Of Mice Fed 3 >t with Degenerate 
in Diet Diet a Paralysis Muscle 
2 : 178 0 1s 
2(+T)* 2 0 0 
10 . 1» 7 100 
10 (+T).. ons oe 0 0 
» : 3S 2 12? 100 


* Five bundredths euble centimeter of a solution of mixed tocopherols was administered 
orally three times a week. 
The pereentage wes probably bigher, but it could not be definitely ascertained before 
8 days of age 


OBSERVATIONS ON OTHER TISSUES 
Spinal Cords.—-Changes concomitant with myopathy have been found 
in the spinal cords of tocopherol-deficient rats by several investigators * 


&. Einarson, L., and Ringsted, A.: Effect of Chronic Vitamin E Deficiency 
on the Nervous System and the Skeletal Musculature in Adult Rats, London, 
Oxford University Press, 1938. Ringsted, A.: Biochem. J. 29:788, 1935. Monnier, 
M.: Ztschr. £. Vitaminforsch. 11:235, 1941. DeGutiérrez-Mahoney, W.: South. 
M. J. 34:389, 1941. Luttrel, C. N., and Mason, K. E.: Ann. New York Acad. 
Se. 52:113, 1949. Malamud, N.; Nelson, M. M., and Evans, H. M.: Ibid. 
§2:135, 1949. 


EXpLaNaTiIon oF Ficure 2—Continued 


B, longitudinal section from a 36 day old mouse. Two necrotic fibers are located 
between normal-appearing fibers (N). In the necrotic fibers there are loss of 
striations, clumping of the sarcoplasm and proliferation of the sarcolemmal nuclei. 

C, longitudinal section from a 179 day old mouse, showing calcification sur- 
rounded by proliferation of sarcolemmal nuclei within a necrotic fiber. Note the 
column of sarcolemmal nuclei within an adjacent fiber. 

D, longitudinal section from a 372 day old mouse, showing fibers containing 
columns of centrally placed sarcolemmal nuclei. Nuclei in the two upper fibers 
are pyknotic; those in the fiber near the center of the figure, are normal, whereas 
those near the bottom of the figure show beginning pyknosis. Note difference in 
staining intensity between the normal fibers and those containing the columns of 
nuclei 
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and not by others.’ Although there was myopathy in the tocopherol- 
deficient mice, with paralysis in a small percentage of the animals, the 
spinal cords, examined by the methods employed, did not differ histo- 


logically from: those of controls of comparable ages fed either the stock 


diet or the tocopherol-deficient diet supplemented with oral tocopherols. 


Viscera.—An acid-fast pigment has been reported by others in the 
tissues of rats and mice fed tocopherol-deficient diets cx ntaining cod liver 
oil or other sources of unsaturated fat."°. A pigment having similar 
staining characteristics was observed in certain tissues of the mice fed 
liets containing varying amounts of cod liver oil. The amount of 
s pigment found within the cardiac muscle, the spleen, the liver, lymph 
the submucosa of the intestine, the interstitial cells of the ovary 
testis, the adrenal glands, bone marrow and retroperitoneal or 
subcutaneous fat was proportional to the amount of cod liver oil in the 
diet and the duration of the period of feeding the diet. In general, the 
pigment appeared to be within the reticuloendothelial cells of these 
tissues. However, in certain instances the pigment was present not only 
in parenchymal celis, such as adrenal cortical, cardiac muscle and hepatic 
of younger animals but also in the macrophages of these tissues in 
ils. In instances in which tocopherols were administered, this 
nt was not found except in those tissues of mice where it is normally 
in small amounts, i. e., interstitial cells of the ovary or the testis 
the basal part of the uterine epithelium during the diestrus phase 

the rey roductive cycle 
Other than the presence of the acid-fast pigment in these tissues, 
ly histologic changes noted were: focal areas of fibrosis within the 
muscle and clusters of pigment-containing cells around the 
vessels in mice fed the tocopherol-deficient diet containing 10 
od liver oil for 250 to 375 days, and splenomegaly in about 
per cent of the animals. These observations confirm the findings of 


ich and Zimmerman 


Che testes of the experimental animals were unaffected by the 


erol-deficient diets even with the higher levels of cod liver oil, as 
ind Pappenheimer, A. M Arct 1ro sychiat. 48:538, 


I 1. Hye. 39:643, 1939. Mason. K. E 

Yale J. Biol. & Med. 17:189, 1944: Anat. Rec. 92:33, 1945 

Dam, H., and Granados, H Ibid. 94:265, 1946. Dam, H., and 

Science 102:327, 1945; Acta physiol. Scandinay. 10:162, 1945 

Rumery, R. | and Mason, K. | Transactions of the First 

ological Antioxidants, New York, Josiah Macy Ir., Foundation 

— and Birnbau 1. P.: Arch. Path 44:269, 1947 

and Zimmerman, H. M J. Nutrition 24:535, 1937 
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judged by histologic examination and by the ability of these males to 
inseminate females that were also restricted to this dietary regimen, 
although the females resorbed their fetuses during the latter part of 
gestation 
COMMENT 

\lthough paralysis with extensive necrosis of striated muscle ts 
usually not found when mice are fed a tocopherol-deficient diet similar 
to that used to produce late weaning paralysis in the rat, Menschik, 
Munk, Rogalski, Rymaszewski and Szczesniak ‘** have reported loco 
motor disturbances and muscular necrosis in old mice fed a comparable 
diet. This may be related either to their use of a strain of mice dif 
ferent from those utilized for the present study or to a much longer 
experimental period. No differences were noted in the responses made 
by the three strains of mice used in the present experimental procedures 


and paralysis occurred in young animals fed the diets containing the 


higher levels of cod liver oil. Menschik’s group,”* on the other hand 


observed the earliest onset of paralysis at 209 days and the greatest 
of animals affected between 457 and 548 days of feeding the 
pherol-deficient diet 

pe of muscle damage which occurred to only a mild degree 

with diets lacking in vitamin E and containing 2 per cent cod liver oil 

was greatly accentuated by a fivefold intake and reached extreme degrees, 

terminating in early death, following a tenfold increase of dietary cod liver 

These findings are in accord with recent observations on rats ' 

lar diets and are equally difficult to explain. They might be 

» a rapid depletion of the very smal] reserves of tocopherols, 

ing been utilized to stabilize unsaturated fatty acids in the 

or they might be ascribed to the combined effect of vitamin F 

und metabolic stress acting as injurious agents on skeletal 

her tissues which, subjected to only one of these factors, 
bably show little or no evidence of injury 

ailure to find changes in the spinal cords concomitant with the 

ysis or with the degree of muscular necrosis was unexpected in 

e reports demonstrating such changes in tocopherol-deficient 

Yet the mouse does not show some of the effects of tocopherol 

deficiency found in other animals: For instance, paralysis was produced 

during the late weaning period only with the higher levels of cod liver oil 


in the diet; degeneration of the testicular germinal epithelium did not 


Z Munk, M. K.; Rogalski, T.; Rymaszewski, O., and 
Ann. New York Acad. Sc. §23:94, 1949 


Personal communication to the author 
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occur; there was an absence of pathologic changes in the kidneys; the 
amount of pigment deposited in the adipose tissue was relatively small 
and this pigment was not present in the smooth muscle. 


SUMMARY 


Increased incidence of myopathy and paralysis was produced in mice 
by raising the level of cod liver oil in tocopherol-deficient diets from 2 to 
10 or 20 per cent. 

The amount of acid-fast pigment observed in the various tissues was 
roughly proportional to the percentage of cod liver oil in the diets and 
the length of time the diets were fed. 

The decreased survival time of the litters indicated that the higher 
levels of cod liver oil were injurious. 

No changes were observed in the spinal cord or in the germinal 
epithelium of the testes. 

Tocopherol therapy increased the survival time of the litters and 
prevented the paralysis, muscular necrosis, and changes in other 
tissues 





Notes and News 


Retirements.—Dr. Joseph W. Bigger, professor of bacteriology and preventive 
medicine at Trinity Collge, University of Dublin, Ireland, will retire for reasons 
of health on Sept. 30, 1950. He will be succeeded by Dr. F. S. Stewart 


Fellowships for Research on Arthritis and Rheumatism.—Hoping to 
arouse interest in arthritis in a wider circle of medical investigators, the Arthritis 
and Rheumatism Foundation is offering one year fellowships in research in the 
basic sciences related to the study of arthritis. The fellowships will carry a 
stipend of from $4,000 to $6,000 depending on the needs and ability of the worker. 
Applications should be sent to the Arthritis and Rheumatism Foundation, 535 Fifth 
Avenue, New York. Applications received by September 15 of this year will be 
acted on at that time and notification of fellowships made immediately. All appli- 
cations must be received by Jan. 1, 1951. 


Cancer Seminar.—Under the sponsorship of the Penrose Cancer Hospital 
and the Colorado Society of Pathologists a cancer seminar will be held at the 
Broadmoor Hotel in Colorado Springs on Sept. 9, 1950. Drs. Lauren V. Ackerman, 
Philip J. Hodes and Charles S. Cameron will be guest speakers. Inquiries may 
be addressed to Dr. Erving F. Geever, Penrose Cancer Hospital, Colorado 
Springs, Colo. 


Registry of Leprosy.—The Leonard Wood Memorial (American Leprosy 
Foundation) is sponsoring a new registry of leprosy at the American Registry of 
Pathology, a department of the Armed Forces Institute of Pathology, Washing- 
ton 25, D. C., under the auspices of the National Research Council. The purpose 
of this new registry is to promote the study of the pathology of leprosy based 
on material contributed by leprologists and pathologists throughout the world. 
Since there is a considerable degree of variation in the behavior of the disease in 
different parts of the world, the concentration of material in a single center should 
permit more adequate evaluation of the scope and significance of such variation. 

The Leonard Wood Memorial (American Leprosy Foundation) and the Armed 
Forces Institute of Pathology will shortly appoint a committee of consultants to 
the new registry. They will assist in the study of the material as a whole and 
will be available for consultation on individual cases which will be initially 
reviewed in the Armed Forces Institute of Pathology. 

Contributors should forward not only pathologic specimens in the form of 
slides, blocks or fixed tissues but also a complete identification of the patient to 
facilitate follow-up studies and an adequate abstract of the clinical data, including 
details of therapy. Clinical photographs, especially of the individual lesion excised 
for study, are desired for clinical pathologic correlation. 

Communications should be addressed to Director, Armed Forces Institute of 
Pathology, (ATTN: American Registry of Pathology), Washington 25, D. C. 
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instructions, without acids, $127.00 Write for details 


The MARTIN SWEETS Company — 1%, soury rst, sneer 























icon 
D” EXPEDITERS 


— they speed-up laboratory chores 


ICNNICON paraffin knife 


makes work with paraffin-embedded tissues quick and 
easy. Great for cutting large blocks into small ones; 
for mounting blocks on a microtome object disc; for 
squaring up blocks; for separating ribbons in a water 
bath .. . Hollow stainless steel handle doesn't heat up; 
spring switch under thumb gives Finger-Tip Heat Con- 
trol — easy to keep knife at the right temperature. 
When not in use lay knife in saddle rest — Blade UP 
keeps knife hot; Blade DOWN current is “off.” 


ICON microslide dryer 


delivers slides ready for staining in 7 minutes! Just 
drop slides, in an Autotechnicon Slide Carrier, into the 
hatch, flip the switch and close the cover. A steady 
current of warm, filtered air blowing over the slides 
carries away all moisture, leaving them bone-dry and 
dust-free. The filter is replaceable. There's no distor- 
tion, either —- the warm clean air is well below the 
melting point of paraffin. 


icon wien water bath 


insures smooth, even spreading of your tissue ribbons. 
The water temperature is just right — never too hot or 
too cold, thermostatically held at any set temperature 
from 20° to 60°C. There's no melting paraffin to dis- 
tort tissues — no folds or wrinkies, no bubbles due to 
frequent water change. Temperature stays constant, 
day-in, day-out. And it's easy to see your sections 
against the dull finished black interior of the baih. 


| THE TECHNICON COMPANY . 
| 215 East 149th Street, New York 51, N.Y. 
Send me literature and prices on 


[) Technicon Poraffin Knife 
C) Technicon Microslide Dryer 
() Technicon Constant Temperature Weter Bath 


LAB-AID 
REQUISITES wey 


City, Zone, State 





